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ABSTRACT 


ALS fhasis 15 an unelassifiad BxamMmination +o) ee 


Wesfern perspective, of fhe current and projected space 
afforts af the world and how they effect current U.S. Space 
Pre leape There is currently no universally accepted space 


strategy to help in meeting the policy goals of the United 
States. If is the hypothesis of this fhesis that the 
strategies needed f0 deal a2ffectively with future spaca 
development were layed down in the past by Alfred Thayer 
Mahan and others. In order fo outline a current sfrategy an 


analysis was conducted ot currant space programs, future 


spaca afforis, orbitology/orbital mechanics, and the 
writings af H. Jomini. 4.7. Mahan, and Sir Julian Corbett. 
In ordar fo manage and arrange the large knowladga basa, a 
systems model was developed ae used in this analysis. 


Upan the completion of the analyses, a blending of the Mahan 
and orbital mechanics was conducted in order to show, by 
analogy, that there exist parallels between That of naval 


atrategy and strategies needed to reach US policy goals. 
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gg INTRODUCTION 


4s the soacefaring nations of fhe world race pell-mell 
Brose Ghe twenty-first century in th@ir quest for quick 
solutions fo complex problems, one has fo ask what 1 is 
hat guides ail this activity? For some, space is a theater 
fo be controlled, while for others it is a placa of hope 
where the problems of over population and Tesourcea depletion 


can be studied and somehow managed, and for sfili others if 


Pm 


is a combination af the fwo. 

Through freaty and policy sfateaments the United States 
of America falls into the latter category. Thea rosie al Eon 
fhis is stated in fhe US National obsectives which pertain 


fo space (Ref. i:p. e274: 


pod 


Strengthen fhe security of fhe United States. 


AJ 


Maintain US Space leadershig. 


3. Qbtain Economic, Sciantific benefits thraugh 
axploitation af space. 


4. Expand US private sector investment and 
involvement in civil space/space related 
activities. 


2. Promate international cooperativa acfivifies 
mhich ara in the national interast. 


4. Cooperate with ather nations in maintaining 
the freedom of space for acfivities which 
anhance the security ant welfare of mankind. 


the Saviet Union. our chief competitor, has a space 
doctrine which Ls derived from the Marxist-Leninist 
dialectic which states (Ret. 2755 v2 


The Soviet Armed Forces shall be provided wifh all the 
resourcas necessary to attain and maintain military 
superiority in outer space sufficient both to deny tha 
use of auter space to other states and assure maximum 
space based military support for the Soviet offensiva 
and defensive combat apsratiaons on land, at sea, in air: 
and in outer space. 


Rationalized thusly CRef. 2:pp. viiild, 


rr The current Saviet stance, refusing £9 admift 
fhe existance of any military element in their space 


program can only mean fhat the Soviet Leadershig, 
rather than merely countering US maves. is actually 
seeking military superiarity in outer Space for 


offensive, as well as defeansiva purposes. 


{fi 


&s can be seen the US Gpace Policy and the Saviaet pace 
Doctrine are lLleosely in parallel when describing the need 
for nafional security. The first sign of divergence t4 in 
item fwo where fhe US has stated that if will te tha 
technological Leader in all fields of space andeavor, while 
the Seviat Union has but one goal, which is the support of 
its military. The final point leavas the US with a paradox. 
The paradox lies in the tact that the United States, ay 
policy statement, has agreed fo maintain the +treedam of 
space to a nation fhat 15 working for systematic denial of 
fhis crucial arena £0O us and other international 


interests. It is to this problem that this thesis will 


addrass itself. 


1G 


While the US has a space policy, it does not currently 


ul 


possess a space doctrina. In the absence of a formal 
doctrinal statement the US Air Force has created 2 
combination Aera-Space doctrine which, by its own admission, 
falls short of meeting the goals of the US Space Policy 
declaration C€ Ref. 3: 9p. 13-241. If fhe only existing 
dactrine falls short, then where are the sea es atratagias 
for the implementation of fhe US Space Program? If is the 
hypothesis of this thesis that the strategies neadead to 
Fulfill the policy goals, as sat forth by the US Government 
have already been laid down in the fundamental * doctrines 
Sree, Jomini, &. 7. Mahan.s Sir J. Ss» Corbett. and othars. By 
Looking at their guiding axioms if is hoped fhat through 
analagy #+ an intinite variaty #4## of options will become 


available for use. If is this raquisita variaty which will 


+ Fundamental doctrine is grounded in an examination aF 
hiLratary, and i6 applies in all operafing medisums in any 
nation. Instantly racognized as elements af Fftundamental 
docfrine are purposes of fhe military, the nature of war, 
ani fhe relationship of the military fo ofher national 
instruments of power. Sinca fundamental doctrine is 
characterized by ifs fimeless significance and universal 
application, if is rarely, if ever, rewritten in response £to 
fechnological change CRef. 4:pp. 40-48]. 


+% Analogy is @ first order approximation of unlike 
objects. 


424 Variety in this sense, 15 aS mentioned in J.G. 
Taylor’s work on the . “Initial Concepts of Soviet Command 


and Control" CRef.35]. when he quotes Terekov £1983, p.i72! 
4s saying. “ Variety ... 1S created 6y the presancea of 
reserves, surplus of both information and also physical 
characteristics ... Without resarves ang redundancy 


Lee 


3illow the US to meet ifs policy goals while at the same time 
insuring if wili not be cutott trom outer space 

In attempting ta prove the above hypothesis, a systems 
mogel Cas first deascribed by C. West Churchman! will be 
utilized to organize and handle the volume of information in 
existence. CRef. &: pp. S-— 1a: The model was chosen for ifs 
abLLity to integrate disparate volumes of knowledge ints a 
aysatam #. One of the benefits of this method is Ghee ability 
fo test thea entire undifferantiated #+ knowledge base iin 


order to make a determination as €p Row Lt affacf the 


wi 


system design, thereby giving some degree af ctanfidence as 
to the systems validity. Once the system is integrated, one 


will be able fo observe tha synergistic affect of all tts 


ot 


parts working in cancert. This sunergistic affect is what 
creates the appropriate strategy, which is another rational 


for choosing integration *4++ over further differantiaticn. 


effactive control in the preasence of random disturbances is 
unrealizable”. 


* A system is defined as a set of parts coordinated fo 
accomplish a set of goais CRef. 4:p. 29). 


+# The obsessive scrutiny, or furfher ditferentiatfion 
of information which is already vast in scope would 
hopelessly mire the kRypothesis in a morass of supartiluaus 
detail. 


##% Integration is the summing of all the parts in order 
to observe their workings as a whole, whereas 
differentiation is tha reduction of the system into smaller 
and smaller pieces in order to determine their individual 
functions. 


ez 


The process of differentiafion will coma later, 45 if 

should, when a strategic option i135 broken down fo 1Fs 

canstituent pieces and analyzed fo find optimum solutions. 
Thea information base which will be utilized within the 


model will include: 


1. Current space efforts and trends. 

=. Future space anslysis. 

3. Pre-existing doctrines. 

4 Orbital mechanics (an energy perspective}. 


5. Bocfrine management through orbital mechanics. 


It 15 not the purpose of this thesis to present a2 rigorous 
analysis of each of these areas, but more to present them in 
sucn a manner as to give the ‘reader a, ‘flavor’, for what is 


currantly ongoing in space and the problems faced in 


strategic management. 


iS 


Ll. “He inebae 


The use af the systems model povides a structure by 
which an effactive discussion of space strafegy can be 
achieved. It accomplishes this by organizing large volumes 
of disparate information into a coherent framework. This 


framework is created by testing the knowledge basa currently 


being analysed, which establishes the relationships of one 
body af knowledge to another. Ln additian, these 
relafianships:, within the models framework, allow tha 


observer to conceptualize fhe ebb and flow of communicatians 
petween various components of the system, Figure 1. 

These communications allow the creation of a variety of 
responses needed fo fulfill the goals of US Soca Po lige 
In order to achieve fhese goals Churchman’s model divides 


the body of the system into five parts which are as follows 


CRef. G7: 


hee The obsectives of the fotal system together with 
performance measures. 


ce. The systems environment. 


(a 


The resources af the system. 
4, The components af the system. 


=. Management of the system. 
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Fach of tha above considerations will be taken in turn ana 


appliad to thea previously mentioned areas of study. 


& OBJECTIVES 


Objectives ara the goals or ends to which a system tends 


fRef. Si. This goal seeking, or teleology * was first 
described by Aristotle in his works on, “Man and His 
Liniverse”™. Churchman takes this coancapt af felans and 
proposes a principls af primacy. TRIS principles is a way ta 


distinguish a reali from a sfafed objyacfive by asking whefhar 
Sa system will knowingly sacrifice other goals £9 sbhfain fha 
stated objective. If the answar is. “yas” fhen ha 
stated and real objective are identical. 

To apply this test, a restatement of the US Space Policy 


is needed, and is as follows CRef. if: 


i. Strengthen the security of fhe US 


Ps 


Maintain US Space leadership. 


Cooperate with other nations in maintaining tha 
freedom of space for activities which anhanca 
fhe security and weltara of mankind. 


( 


To Look at the policy we have to ask whether fhe US would 
knowingly sacrifice stafements 2,3 or both to maintain its 
stated obyecfive. The answer is believed fo be ‘yas’. & £ 


fhis point there is a statement of primacy and the arguments 


+ Arisfotelian Logic viaus abyects as wholas and as such 
37P2 anfowed with intrinsic goals (felens?. 
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1D 


pus forth praviously can 06 explained using Churchman'’s 


modal. 


THE SYSTEMS ENVIRONMENT 


CU 


Tha anvironmenf includas all Ghat lies oufsidea fhe 


systems control. This at first seems obvious, but the 
argument is deeper. The anviranment in parfi controls how 
fhe system performs. As sfated by Schoderbeck in Ris work 


an , “Management Systems" CRef. Gip. i107, 


Soth features must be present simuiftaneousiy: fhe 
environment must 62 beyond fhe systems control and, 
secondly must exert some daterminafion an fhe systems 
performance. 


Taking this statement and applying 16 f0: (£3? Foreign Spaca 


Ln 


Programsi (23 tha Future of pace; Car OT. Dsk a1 


Mechanics /Orbitology: (4) and Pre-existing Boctrines; if can 
5a shown that the environmental intlueantes wirll consist af 


For@ign Space Programs and fhe Fufure of Soacea. eat 


example: Thera is little the US can do fa influence th 


tT 


Soviet Union’s space program buf. it has a direct impact o9n 
Boe space palicy. It is therefore, environmental. 

fin the other hand, orbital machanics can be manipuiated 
along with fundamental docfrines to achieve systems goals. 


Tt therefore, must 62 something else. 


a) mEeSGURCES 
Rasources Sy detinition reside within fhe system CRafs. 


a1 J. They are the means available fo the system for fhe 


ae 


ayacuiion of acftivitles necessary for goal realizafian. 


Whila this thesis will nat dalve into this aspect st th 


nF 
it 


model, it should be noted fFhai this 1s fruly the 
strongeaste(weakast part ot the US space policy. Resaurcas 
avallable to the system are runding, equipment, people, and 


Opportunities. 


D. COMPONENTS 


The components of the system are the acfivities the 


cil 


system must perform in arder fo meef ifs goais CRatfs. ae 


It is She contention of this thasis fhat orbital machanic 


Ut 


and fundamental doctrines 16 into this category. Lees 
believed that orbifal mechanics must be balanted against 
aftratagieas and doctrines of Jomini, Mahan, Corba, eat.al in 
order fo jachieve fhe goals of US spaca policy. TALS 
previays statement is 2 paraphrasa of Churchman, wad 


bealisved fhat camponents when blended ftogethar make a 


Mission. IG is therefore, the goal of fhe missian 
canponants to achieve fhe desired objectives CRaf. = ioe 
44-49] 


= MANAGEMENT 
In his phasa of Churchman ‘s modal, Nanajzgament 
ancampasses fun basic funcfions: planning and control of fhe 


systam. Planning as stated by Schoderback CRetf. S:p. 114, 


1& 


Planning involves all aspects of Ehe systems praviously 
encountered, Vic. ? Lts jyoals or oabyectives, iS. 
environment, its utilization o9f resourcas, and 135 
components or activities. 

Gontrol af the systam is much more difficult as faare is tha 


axeacution of planning. plus the added dimension of change. 


Es SUMMARY 

From the pravious discussion of tha model 1 can 92 saan 
how fhe knowledge base has been broken into canstityent 
parfs by Churchman’s model. PEeloecureyon fnewusea of “this 
model, and ifs ability f0 integrafe disparafe information 
that the hypothesis will be tested. Et ingeed fhe 
fundamental doctrines of Jtomini. Mahan, Corbaft, and othars 
apply £0 space than our ability to control tha system and 


olan for change tan b8 realized. 


ee 


IIL. ENVIRONMENT 


&. INTRODUCT TON 

Fhe anvironmenft as stafad has an affect on fhe system, 
while the system has no cantrol aon the anvironment. Fram 
fFhis point forward, fhe systam ratferead fo in fis paper will 


be fhe Spa 
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2 Policy of the United Statas. The exploration 
which will bea caonductad wtli try and tllusfrata tha 
complaxities faced by the United States upon implamentation 
oF ifs policy within fhe environment. The anvironmant, 
composed af foreign space programs and the futura of space, 
mill provide the backdrop against which a strategic systams 
model hapes f0 ba developed. As a2 precursor for fhis 
tiscussion it £53 assumed that the reader has a fundamantal 
understanding of fha US Space Frogram and its goals for tha 


mext iC to 15 years. 


Ee FOREIGN SPACE PROGRAMS 

The nations fhat were chasen for this study standout 
from the rest of thea world operators of satellite equipment 
in a numbar of important ways. First of all, hese nations 
have all independently launched vehicles into space. One can 
draw from this tact, that all of the countries possess their 


own facilities, down range tracking sites, processing 


{J 
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aquipment, and mast impartantly, the «knowledge and 
technalagy base needed to accomplish these feats. 

Upon identifying the efforts that have gone into their 
individual programs, an investigative look will be taken 
into why these countries havea gone fo fhe axpense at 
fielding these programs. While looking at thase sngoing 
afforts, this report will try and identify current areas of 
research and development and what goals can be reached 5y 
putting these projyects into orbit. Finally, thera wili Oba 
an attemot to identify current trends in these programs, and 
how thasa treands will effect ongoing U.S. efforts in space. 

Upon the completion of the current space afforts a Look 
will be faken as fo what scientists, engineers, and othar 
technical diciplines beleave to be fhe long range future oat 
gutfer space development. It is this long range forcast 
which when analysed can reduce tha uncertainty involved im 
implementing a space policy. This will be a crifical eslament 
in the reduction of eanvironmentally introduced changa which 
cCayses system planning to go awry. 

Le. China in Space 

China, whose space program has come as a Surprise to 
many, is not new to the arena of outerspacea. In a study by 
David CRef. Bp. 25] if was stated that. China’s 
burgaoning space capability is evidencad by twelve 
successful satellite LlLaunchings since April of 170. With 


ifs first satellita, The Peoples Republic of China became 


the fifth nation--after the USSR. USA, France, and Japan—— 
to launch an artificial satellite using 1s own Launcher. * 

In a study on the Chinese space program. Rao CRef. 
t4:pp. 14-171] puts forth the argument that while China would 
like to become competitive in fhe world launcher market 
fhere are many problems $0 be solved bafore this becomes 3 
reality. The most parplexing of China’s problems is that of 
an immense pooulatton and land mass. To rectify this 
deficiency the Peoples Republic of China iS importing tun 
advancad direct broadcasting safelliftes which ara dasigned 
fo axtend radio and television to ali of her ona billisn 
plus populafion. China also plans to Build and launch an 
garth resources satallite fhat will aid in amargeanciss 
(aviation transponders}, water conservafion. agriculture, 
and land use planning. 

Both Rao and David CRefs. &, 14] state fhaftf t9 date 
most of thea Chinese spacecraff have been designed for eithar 
military surveillance or fechnological devealopmant. With 
continued development it is believed by David €Rat. B:p. S53 
fhat China could have, “ ... initial astronaut flights by 


fha and of the decade. “ 


“~ 


=. Indias in Space 

In a country where the bullock cart is sfill fha 
primary mode of transportafion fhe push into space seems a 
glaring paradox. In a study by Rao CRef.8:16-i7] i is 


stated fhat, “ . . . India has been propelled fa yoin fhe 


22 


ranks of the spacefaring countries by the immense promises 
held out by space technology to solve the problems of 
poverty and backwardness. “ THiS paraphrases nicely fhe 


statemant by Professor Satish Dhawsan, head of fhe Indian 


ty 


pace Research Organization (ISRO. that. “ The main aim of 
fhe Indian space program is towards the davelopment of 
communications and earth oabsearvation satellifta systems 
suited to India’s needs. “ 

To this and Rag CRet. 8B] nofas that India has made 
dramatic breakthroughs in booster fFechnolagy. The 


Successful flight of the SLYV-S mada India the saventh natisan 


fo join the ranks of spacetfaring countrias. With the 
ability to launch, India fas moved torward with an 
aggressive earth observation satellite pragram. With one 


platform already in arbdit., Bhaskara-1, the naxt step witl ba 
an intra-rad remote sensing satellite (CIRS:?. If is hoged 
fhat the information from thease platforms will provide the 
needad data fo help manage India’s agriculftsra, forestry, 
mateoraglogy, and hydrology. 

Rao [tRef. Si makes further mention of India’s 
innovative techniques in communications satellitas. Aftar a 


se8ries of loaner safeallites from the United States and 
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Furdpe with which India conducted her afellita 
Instructional Telavision Experiment (SITE). [SRO was able to 
create from the combined technologies INSAT-1. INSAT~-1i 


becama the world’s first SG-axis stabilized, geo-sfationary, 


feleavision Obroadcast, teleacommunication, and meteorological 
satellite. 

Despite some early setbacks with INSAT-1L India’s 
space effort continues £0 6a geared towards creafing the 
solutions Ghat will help salve her numerous problems on fhe 
ground. 

= Japan in Space 
A mation thaf Ras made Large strides in thea past fay 


dq 


ot 
1} 


years in developing ifs space program is Japan. As sta 


ui 


by Davis Ckef. B:p. FI “ Japan was fhe tourfh country fa 
layneh a satellife, and fha third £0 successfully Launch a 


Jeasfafionary satellite with their own vahicle. “ From S72 
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orecading abservatian, if i5 seen fhat UJapan is davealoping a 
credible space effort which includes ifs own ‘tracking, 
Launch and recovary facilities. 

Due fo the fopographic limitations of an tusland 
mation such as Japan, the space program has bean oriented in 


such away as to alleviate many of Fhese oporabdblams. A 


further descripfion af tha program by Davis CRet. BI shauws 


fhat Japan launched fwo communicatin safellitas, CS-2A and 
GS-28; fo establish an emargency network for the saarthquake 
prone islands. In addition fo the emergeny systems will oa 


launches containing operational broadcasting satellites, 
BS-24 and &S-28. which wiil reach the homes of over 300, O00 
Japanese. In early 1°87, there are plans £0 launch an 


imnovative marine observation satellite, MOS—1, that will 


24 


aroduca information for use in optimizing Japan's fishing 
industry. It is hoped that the dafa from MUS-1 will create 


a 10% to 2C% reduction in the current fuel costs for the 


In a study done on Asia in space, Radhakrishna Rao 
fret. 14] describes Japan's booster technology eafforts. 
Theasa affaorts are manifested in the National Space and 
Development Agency of Japan’s (NASDA?), development of the 
billian dollar H-2 vehicle. which is wtescribed as Japan’s 
workhorse of the 1996’s. Rao C€Ref. i4:p9. 14] further sfates 
that, “ The 45 meter H-2 is capable of placing fwa fon class 
spacacraft into geo-stationary orbit. and will also allow 
Japan fo compete with both the American space shuttle and 
fhe West European Ariane vehicles for commercial business 
from the third world.“ His study also shows that Japan is 
conducting i185 own deep space missions with probes fo 
Halley‘’s comet, and obsevation platforms which can observa 
X-ray stars by both optical and radioscopic means. 

In an overview of Japan’"s broad and technologically 
advanced program Davis CRef. S81 points out that Japan will 
continse fo solva fhe problems unique to an island nation, 
while simultaneously advancing her space capabilifies 
inorder €o9 compete more tavorably with established space 


programs. 


4 Canada in Space 
A nafion whose space program has made steady 
progress but. whose efforts have been overshadowed by har 
southern neighbor. is Canada. Day’s study CRef. Se nae iS 
eil, indicates that Canada became the third nation fo 
develoo, and orbit a satellite. Alouette 1 (the Lark:;, was 


designed a5 an ionosphere dafa satellite and continued fo 


send useful data for over fen years. With proven fechnolagy 
Bay CRef. 61] illustrates that the Canadians set abouf fo 
solve their own unique set of problems. With a landmass 


second only to the Soviet Union, Canada’s efforts ware 
directed to solving problems of distance. The salution ta 
these problems was for Canada to divide her space program 
into four distinct areas each with teams devoted fo research 
and development. The four areas were space sciences, 
communication, ramote sensing, and navigation. 

These feams working in concert, created a burgeoning 
space program. In conguering the ‘communications distance 
orogblem’, Day CRef. 8B: p. =O] states that, “ M"irtua ig 
every government department benefits from the data 
fransmitted from space. The country has oOerhaps the most 
up-to-date cammunicatians network on earth. Radio, 
falevision. and felephone services are available in the 
remotest northern settlements. Daily newspapers are 
fransmitted fo the East and West coasts. “ In addition f0a 


what appears to ba a fist class communications system, the 
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most spectacular and best known contribution from Canada’s 


space program is the remote manipulator arm, Canadarm. L¢ 
is this device states Day [Ref. B:p. 20] that. “...makes fhe 
ws. space shuttle a viable tool.“ He further enumerates 


Canada’s space contributions by mentioning tha ultra-violet 
auroral imager for Sweden’s Viking satellite, and many Life 
science axperiments for Spacelad. 

Canada, based on current trends, will continue ta 
look for unique solutions for conquering the dimensions af 
her large Landmass. In addition, there will continue £09 #1xbe 
further participation in the shuttle program along with 
current plans for magnetic field modules, 1 mefer space 
telescopes (Stariab?, and a Radarsat for the determination 
of the ice edge. In addition, according to Day CRef. Bi, 
Canada also plans on continuing £9 play a integral part in 
fhe United States construction of a manned space sfation. 

or Europe in Space 

“In 197353 there was flurry of excitement and hope 
for future cooperation as the United States and the Soviet 
Union jyoined hands in space for the first time. That soon 
faded and it has become apparent that the Unifed States 
chief partners and toughest competitors are the Western 
European Nations (CRef. B:. erat A Space World Staff 
report CRef. SJ has shown that this competition has become 
more evident as we enter the Latter half of the 1980’s. This 


report further states that this will be continuing trend. 


af 


This 15 due primarily to the Fact that tha European Spaca 
Agency (ESA? is involved in avery Field of space science ag 
is’) fhe: National Aeronautics and Space Administration 
(NASA}. 

Spacelab was built to allow the U.S. space shuttle 
fhe flexible means of carrying scientific cargos into space. 
The European Space Agency has taken fhe next logical step 
and 15 studying the possible applications of spacelad 
fechnology to fhe space station which is slated Ta 
construction in tha early 1990%s. The Europeans have also 
put a greaf deal of research and development into Eureka, 
fhe European Retrieval Carrier. Eureka is dasignad fo be 
Haployed by tha shuttle for six months af independant 
aperations and than later retrieved. CRef. 81 

The Ariane booster program was started at She behest 
of the Franch who feared that the free world launcher markef 
would be dominated by the American space shuttle. The 
success of his venture was eanough that the U.S. cancelled 
Olans for a fifth orbiter. To date, fhe Ariane progamns 
remains dynamic and progressive with follow on plans to 
produce Ariane 2 and Ariane G&G. This will give an increased 
capability for launching bigger payloads into earth orbit, 
further encroaching into the current space shuttila market. 
A report by Malletta CRef. 113, communicates fhat betwean 
i°B6é and i992, ESA hopes to field Ariane 4. Arians 4 will 


be an extremaly varsatile launch vehicle capable of placing 


fi 
@ 


3 ton payloads inte transfer oarbifé. His senpert  aisc 
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dds, that fhis will be accomplished using. a new concept art 


fs 


mixing variagus cambinatians of Liquid and salid Fual 
propellant boosters. It is axpectead that the utilization of 
the combination concept on the Ariane 4 will decrease the 
cost of putting payloads inta arbit by 60%. 

In conjyuntion with the above two efforts fhe Spaca 
World Staff report fCRef. 81 shows that ESA has also fialded 


many scientific space prabes, mefearological, remote 
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sensing, and communications satellites. It also states fha 
ohiie Ghere is a colilectiva atfort an the large projects 
oreviously mentioned many small endeavors are conducted by 
fhe individual member nations fhemselvas. To his and Rhea 
Bane +. iZ2: gp. BS-233 has stated fhat, “Wast Garmany will put 
€9CO million dollars into the U.S. space station over the 
next iC years. ES& along with Japan will provide sciantific 
modules and small tree #lying spacecraff. " While thesa 
countries have the lead oan the projects and they arrange 
contracts, construction, and launch facilities the programs 
still come under the auspicas of the European Space Agency. 
Thea next step for ESA as offered by Mallatte (Ref. 
me OP. 242-25C] wiilk be the exploration and construction of 
multfi-payload/multi-servica satellites. Thes2a satellites 
are based oan ESA'S assumpfion that there is a need to 
develop systems which can ‘grow’ in orbit as thea demand far 


§hea searvicas increases. on 


iD 


such system concept is tha 


‘cluster’. The ‘cluster concept’ icansists (97 (§eeeae eee 
Operating satellites, located close enough fogefher in geo- 
stationary orbit thaf the beam width looks like a point 
source from the ground station. This system has the ability 
fO grow as fhe demand increases and can be made more 


affacftive by the ability to Link all the satellifes in the 


eliusfer either by direct docking connecfion or oby 3 
communications space-Link. Tha power requirements for the 
‘eluster concept’ ara still in the conceptual stage but, Pf 


is believed that a satellite power module will be Launched 
Fires whteh wilt provede “tar gwaiw fhe future power 
requirements at the system. 

The Ariane booster program, space shuttle and space 
sfafian participation, alang with currant saf2llita 
fechnologies will add immeasurably £9 ESA'S Technological 
fata base. As stated by Firness CRef. id:p. 213 “"... thease 


orograms will actually 52 atepping stones £9 the 


iG 


sfablishmeant of an aufonomous European space complex in the 
year 2000. oar fhere abouts. “ 
&. Soviet Union in Space 
The world’s Largest space program, in launches oper 
Peary shows na signs af abatement. The Soviet Union has 
cantinued fo expand ifs presence in all areas af space 
sciences and development in order fo meet ifs strategic, 


Bcaonomic and national goals of prestige. Two decades ago in 


EY) 
fs 


Lassified military publication, Military Thought, if was 
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meated that, “ Mastering of space Eis] the prerequisite for 
Meqiavinge wictoryg iin war fCRet. 10:pp. 22-26)]." It is to 
this and that the current family of vehicles wera designed. 
These designs support more fhan one hundred Launches a 
year, and combined with a new generation of systems will 
Allow the Soviets, by the mid ta late 1980's fo incresse2 
Gfheir space pragram both in numbers and payload waighttRef. 
C4, To understand how this is to 62 achieved if is 
necessary to sea how the program is broken down and what 
Levels of effort are being expended to achieve iong tarm 
goals in space. The percentages from the i982 Pentagan 
asfimate indicate the directions that their space pragrams 


have gone to date gra 


Ci} Military Payloads OK 
(2) Milifary/Civilian Payloads 20% 
(3! Civil/Seientific Payloads LOA 


The Soviet Union in fultillment of tha eaftort Listed 
above maintains befween i110 and 126 satellites in orbié, 
which is about the same as the afforft put forward by fha 


United States. Their functions include: 


(i} Reconnaissance and Surveillance 
(23 Command, Control. and Comunications 
(3? ICBM Launch Detection and Attack Warning 


(43 Strategic and Tactical Targating 


ae 


(53 Navigational Support 
(63 Meteorological Support 


(7s Anti-Satellite Operations 


Along with this current effort in satellitas, the USSE 
continues £0 pursue its manned space program. Their manning 
ef the Salyut space station is nearly year around wifh its 
primary mission being that of support of fhe military (CRef. 
14: pe. 1L1ifarss> 1. In addifion to fhe military mission fherea 
are many experiments which seem fo be a prelude for the next 
phase of Soviet space development. It is expected thaf tha 
experiments will lead to a permanently manned Skylab sized 
space stations which are fo be operational in the next ftywo 
fo three years, and avery large modular space station which 
Wiki be operational by the early to mid 199O%s. These fy 
space station complexes are axpected fo house 6 toa & 
personnel and as many as 100 personnel, respectvely CRef. 
L078. 24]. This will give the Soviet Union a very large 
manned space presence by fhe turn of the cantury. 

The ten percent that the USSR allots fs 
rcivil/scientific payloads has in many respects paid 
tremendous benefits. The information brought back by their 
planetary probes and landers have increased greafly our 
knowkedge of the solar systam. In keeping with this, thea 
Soviet kong range planning is making good use of much of 


fhis data in designing their manned mission £9 Mars in the 
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jects). fuch oat this futura mission wili depend on tha 
success of the new Saviet heavy Lift vehicle, which 15 vary 
similar ee ie wel). S. Saturn V. Once Chis heavy Lift 
vVvehicls becomes a rime ac reality then the USSR will Oba 
able to launch into Low Earth Orbit (LEO} their oun shuttle, 
reusable space plane, and construcfion materials for thsir 
space station effort. Tf is currently believed fhat most oF 
fhe maferial will be boosted to a Location near Salyut whera 
final assembly will fake place. Momrs Absomot interest that 
fhe Large ship that will take fhe Soviets to Mars is fa 1be 
completed in space ussing the eaxperience gainad from tha 
eonstruction of their space sftatians ERef. Lé: pp. 20-24]. 

AS can be seen the Soviets have very far reaching 
and well planned oabyectives For reaching their goals in 
space. Within the next ten 09 fifteen years there will 
orabably 6e many more surprises as This afFfart moves 
forward. 

EC . Tslamic Republics and Kingdoms 

Whiie the next group af nations do not readily fit 
with the original definition of space faring nafions they 
wiki be include for the sake of continufiy. Thesa countries 
have fhe distinction of investing miliions of doliars in 
ambitious programs that are now caming out of their infancy. 

The Islamic Republic of Pakistan has begun a 10 year 
orogram that will provide space technology. research, and 


development for thea country. In addition, Rao CRef. F: op. 


10-12] illustratras that tha pragram will b2 geared toward a 
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mulfi-purpase civilian pragram plus a determined aftor fag 
build a@ military launch vahicle capability. This latter 
fdasira 13 based on the belief that India’s SLV-3 vehicle 
could ba usad against Pakisfan in the role af an 
Intermediate Range Ballistic Missile CIRBIM>. 

Pakisfan’s civilian space rale will be much Lika her 
neighbor to thea east, India. Fians are in placa for tirect 
feleavisian Broadcasting, plus point to point cammunications. 
In addifion, Pakistan fas ailocated 10 million dollars for a 
LandSaf pracessinjzy sfation ilscated in Islamabad. The fan 


million dollars wiki also inelude a2 complete upgrade af 


axrisfing ground receiving and tracking stations. Thera 13 


G 


313 a fatferminad affort ongoing to astablish, The Islamic 


{f} 


paca Instituta. Thera is an anficiogated initial investment 
af 3 billion dollars with fhe contributing partners being 
Bangledash (East Fakistan?}, Egyps, Turkey, indonesia, and 
Saudi Arabia (Ref. id] 

While fhese nations do not posses at this time all 
of fhe hardware fo make them truly spacefaring nafions, the 


framawork and infent is thera fo utilize spaca fachnology £9 


benifisf F€hem in the future. 


ico THE FUTURE: INTRODUCTION 


2 is a dynamic and vital endeavor which is ever 


ri 


Spa 


changing. In arder £99 davealop sfrafeagies fo deal 


affactively with the variafiaons caused by change. a careful 


look must be taken into what is believed to be the future. 
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With many variations being fechnology related, a car 
analysis can bs conducted if the advancements fhat creat 
change are broken down into: (2) ‘breakthrough’; (¢23 and man 
driven. 


Breakthrough technologies are the random variabias in 


fhe aquatiaon of change which cannot ba torsean. lt has been 
fhe pattern throughout history that mayor Oreak throughs 


have altered the way we view the world and how we conduct 
Qur affairs. 2.282. gun powder. discovery oft fhe new warld, 
invantion of calculus, sfc. The unpredictability of thagea 
breakthroughs and their ramifications is the reason fhis 
fhesis will not dwell upon them. Instead, man driven 
fechnologias will be pursued in hopes that Lt will shed soma 
Light on future davalopments. In addifion. if will be fhesa 
man driven fechnologies that will be a parfial OGackdrop for 
fufur2 space pianning in order to meat the US Policy goala. 
i. The Future: fear Term i986-2066 

The following discussion will lean vary heavily upon 
data generated 6y the National Aeronautics and Space 
administrafioan. Dya to the fact that the space station and 
fhe shuttle fransportation sysfem (STS), havea in part been 
multinational efforfs, it is felt that the data wilk alss 
reflect many of fhe ongoing international space programs and 


be valid. 


Fha US Space program plans fo hava? in tow Earth 
Orbit (LEO? an orbiting platform by the i990 "s. The 
question Temains what next? & ancien answer was given by 
Jegco von Puttkamer, Program Manager, Long Ranga Studies, 
NASA, when he stated CRef. i8:a. S46], 


the existance of the space station will not only 
enhance Earth-orbital and deeper space vanftures, but 
also (aS 2 uUMiQue space research and development 
FACLELEY, gperations 6as2 and ftransgorfation nada: 
anable entirely new initiatives for human advancement in 
space not possible before. 


Tapie 1. Useful Attnbutas of Space 


Weightiessness (facilitates: special menufactunng 
activities, construction of very large delicate structures, 
and reliability of operations) 


e Easy Gravity Control 
° Absanca of Atmosphera (unlimited high vacuum) 
e Ability to Utilize Meterieis/Elaments that cannot 


exist in Earth's atmosphere (such as alkali metals. 
sodium, phosphorus, calcium, etc) 


° Comprahansiva Ovarviaw (of Earth's surface and 
atmosphere, for: communication. observation. oower 
transmission and other applications) 


e laolation (from Earth’s biosphere, for hazardous pro- 
cesses: little or no environmental, ecological or 
‘locaiisrn’ issues) 


° Readily Availabia Light, Heat. Power (10 times rate 
on Earth) 

° Infinite Naturel Raservoir (for disposal of waste prod- 
ucts and safe storage of radioective products) 

° Super-cold Temparaturas (infinite heet sink near 
absolute Zero) 

° Large. Three-dimensional Volumes (storage, struc- 
tures) 

S Variety of Non-diftuse (Directed) Radiation (UV, X- 
ravs, gamma, etc) 

. Magnetic Fieid 

° Availability of Extraterrestrie] Raw Maeterieie (on 
Moon and asteroids) 

. Avoidance of Many Earth Hazards (Storms, 


Eerthquakes, floods, voicanoes, lightning, unpredicatble 
temperetures and humidity, intruders, accients, corro- 
s10n, pollution, etc) 


° Potentially Enjoyable, Heaithful, Stimuiating or 
Otherwise Desrabie for Human Wail-being. 


These initiatives are based an the usefull attributes 9F 


space listed in Table i (CRef. 18:p. 3487: von FPuttkamer. 
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further sfates that based on long range studies of Space, 
capabilities will advance in af Least three mayor areas as 


follows CRef. 1817: 


(1) Easy access ta and refurn from space. 
{2} Permenant presence in Low Earth Orbit. 


(3)i Limited self sufficiency of man in space. 


For an illustration of man’s current progress in space 3 
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mgure = {Ref. 18: p. S49): 


PHAGE II) 


UMITED SELF. 
SUFAICIENCY 
IM SPACE 


PHAGE Il 
PERMANENT 
OCCUPANCY 
INTO ANNO OUT EG 


19399 2000 8EYONO 


CLPLOITATION OF EXTAATEAAESTR 
MATERIALS * EMEROY 

SPACE COMBTAUCTION 

LUMAR SABE 


SPACE INOUSTRIAUIZATION 


GEOSYNCHAONOUS oo 
SPACE STATION Li 








UNMANNED SOATIES TO 
OES YMC HAONOUS OARIT 





INCREASING CAPABILITY OF MAN IN SPACE 





Figura 2. Man’s Progress in Space 


To achieva these goals the cost of gefting infa space must 
be lowered. The development of the Space Shuttle/Spacea 


Transportation System (STS} is a move toward the fulfiliment 
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of phase one. 
sortying ta 


EQ0sSructron 
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Life 


aliminate 


2O0C CRets. 
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support 


noted 


&, i173: Aan 


days/mission. 


Thea sacond phase will creat the capability of 


sysfems 


nead to 


that 
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geo-synchranaus 
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in Table 2 fo project 
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space obyacts and vehicla 
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platforms 


these 


advancements 


Table 2. Progress in Space Technology, Past and 


Projected 


Syatem 


Payioad capability (Jb) 
Commurrcations channeis 


Communication bit rate 
iMars-E arth) 


Man days/ mission 


Resolution (km) 


Data storage ondoard 
(txts) 


Energy storage 
(k Wehr / ib) 


Actrve circuits (per cutic 
mech) 


Soaece-borne computer 
speed loperations/ sec) 


Launcn costs {1984$/ib 
to LEQ) 


Position error (m) 


Fasdlurea rata 
(No /fre/Mbtnts) 


Many 


1960 


2x 102 


20.000 


102 


ot 


3 wales 


1975 


250.000 
15.000 
(GEQ) 


250 


0.1 
(LEO) 


2 x 190'9 


120.000 
5 x 108 
3000 


50 


the 


man 
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1990 


80.000 
(reusabdte) 


105 
(GEO) 


10’ 
108 
0.05 
{GEO} 
8 X 10" 
800 
5 x 108 


3x 10? 


2000 


104 
{reusabdle) 
10’ 
10° 
5 x 108 
0 02 
(GEO) 
16 x 10'3 
1200 
10'°-10'2 
10% - 108 


100-300 


0.02 
10’ - 10° 


intensive. 


itams 


aid in the 


wi 


Phase three should lead to a closed cyctla 


In order ta 


From the 


In addition fo the three phases mentioned sbove, uve 
are linked to 


trends an attampt 


She sear 


important feature in Table 2 is the 


construction elements oF 


The initia 


damonstration of mans ability fo conduct fhease types of 
operations in space occurred during the Skylab missions 
meer, 19 op" 401], and the refurbishment of Salyut 6 by thea 
Soviet Cosmonauts (Ref. 2i:pp. 202-221]. The human role in 
space for the US Space Program is shown in Figure GS which 


further elucidates man’s progression in fhe space 


environment (€Ref. 16:p. 347i]: 


HUMAN ROLE 


RESIOENT 
PROOUCER 


iE ag 


“” 
INNOVATOR SPACE 
BUILOER STATION 
WORKER ea 


SERVICEMAN 


tt EP SD ey, 
= 
“ ~ 


(SHUTTLE 


\. SPACE LAB 
~ aa 


SCIENTIST 
REPAIRMAN 
EXPLORER 


N 
EXPERIMENTALIST ? 
OBSERVER a 
OPERATOR 


PASSENGER 
OURATION IN SPACE HOURS DAYS WEEKS MONTHS 


| MERCURY | GEMINI | APOLLO | sKYLAB | ASTP | SPACE STATION! 








TOTAL MANHOURS 7560 12,361 6&2 INDEFINITE 
EVA MANHOURS 168 &2 INDEFINITE 


Se rqure 3S. Man‘’s Hours in Space 


With the demonstrated ability ¢0 conduct complex 
operations in space, industrialization will soon follow. 
Based upon orbital selection, (see Appendix A}, Chere will be 
corresponding industries which will be able to fhrive in 


fFhose2 anvironments. Due to the many properties Listed in 


3 


Tabla i, 2 15 axpected that Low Earth Gro1t 90220 see 
yield pharmaceutical products, high purity advanced semi- 
conductors, unique glass materials, and glassy metals (CRef.. 
16]. The ability fo move to geosynchronous altitudes holds 
fne promise of larga power generating facilities (due £9 the 
Maximum avoidance of earth’s albedo (raflection:, and 
accultation}:, repair of eaxisfting satellites, debris removal, 
and Larger and more powerful direct broadcast satellifias 
fRef. 22]. 

With the help of the infrastructure of government 
many of fhe above ventures will be private concerns CRaf. 
2a]. If ts estimated that the world will be investing 75 
Diilion dollars by 2050 based upon 28 growth rate af 2 
percent tLRet. (18.9.0 so. J. It the return’ of seven dollars to 
fhe e@coanomy for every one invested can be expected based 


upon the figures of the Apollo missions CrRaf. 


(J 


oe 


fy 


32). 
than, a two percent investment seems modest. The promisa arf 
continued profits becomes even greater if ane leaves ithe 
garth’s influence and ventures fo the moon. & prooabla 
scenario for man’s push ints space is tllustrated Oealow in 
Figure 4 CRef. 24:p. t14: 
ae The Far Futyrea: 2000 and Beyond 

The establishment of a Lunar base has many 
Dhilisophical and practical qualifies. While thea asoteric 
affects of settlement will not be discussed. there is no 


doubt it will be 2a Landmark in human history. 
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Future Space Station 
Transportation Node 


LEO Station GEO Station Lunar Orbit Service Station 





Figura 4, Man‘’s Expansion in Space 


The moon presents many other features which at this 
Point are more motivating. If the development of lunar 


mining techniques, after saftlament, are successful Ghen 


maftal axfraction and the manufacfuring of xcanstructison 
maferials will be the natural follow-on fo assaying, 
Survayilng, MiNing. axcavafioan, Gaseous oxygen praduction, 


and oxygen lLiquifaction CRef. 24: pp. 370-371). 

The Lunar surface also offers an environment which 
mighf have important scientific. eangineesring, fechnolagical 
and research usas because of ifs Low gravify, isolation, 


yacume, sferilify, low background noise, Earth visibility, 
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Low femperatura variation, Lou magnetic tia lag Lang 
dayenight cycle, unique geological featuras, and stability 
for large instruments, facilities. and structures CRef. 24]. 
If ais far these last reasons that fhe moon 15 being looked 
af asa fufure Launch point for unmanned space exploration, 
spaca colony resupply # , and further manned interplanetary 
eaxploration. 

Mankind’s reach atfer making the fransifion fram 


earth orbit to lunar bases and probable colanies af L4 and 


LS seems to be yust the beginning. Dr. Anthony RR. Marfin of 
fhe British Interplanetary Sociaty, conducted a survey 
dealing with space in the far tarm. The resiwmlts of (iia 


study were published in 1989 and serve to give an idea at 
what may be in store. The answers given were based oan “fhe 
assumpfion fhat man would have landed at least on the moans 
aft Mar’s (Phoebos and Deimos: by 2005. The results of fha 


survey are 2s foilows CRet. 27:p. GiGi: 


i First manned mission fo the Jupiter sysfenm. 
Median date: 2029 


IQR: 2024-2037 (IQR: the interval containing 
the middle SO” of the responses? 


an 


+ Soace colonies will most Likely be placed at L4 and LS 
becausea Qf their inherantily stable posifions. Sea 
orbitology section. 
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PD 


First manned mission to the edge of fhe Solar 
system. (Neptune/Pluto distance} 


Madian date: 2056 

IGR: 2045-2070 

Large groups (greater than i,00G} living in 
space (including the moon:. 

Median date: 2024 

TQR: 2020-2030 

Extensive use of the Solar systems natural 
resources, excluding the moon. 

Median date: 2040 

TQR: 2030-2050 

Rapid, reliable tfranspor& within the Solar 
system. ° 

Median date: 2040 


IQR: 2630-2050 


GDetaction of an extrasolar planet. 

Median data: 1992 

PGR: 19790-1995 

First unmanned interstellar probe launched 
from the Solar System. 

Median date: 2054 


IQR: 2045-2060 


2B. First manned interstellar probe Launched from 
fhe Solar System. 
Median date: 2140 
IQR: 2130-2206 

o Colonization of an extrasolar planet by a 


mission launched from the solar system. 
Median date: 2260 
IQR: 2110-2320 

iG. Gevelopment of Artificial Intelligence to 4a 
Laval equal to that of a human. 
Median date: 2098 
IQR: 2020-2071 


3S responses of "Never" 


ti. Contact with extraterrestrial intelligence 
“{not necessarily communication) 


Median date: 2066 
IQR: 2050-2160 
2 responses of “Never 
Whether these estimates will stand the test of time 
1S open to conyectura. The reason for their inclusion is 09 


show that there are space planners and engineers who ara 


lLanoking that far ahead. It is this insight and will t9 


4g 


dream which will creat tomorrows environment for US Space 


molicg. 


BD. SUMMARY 

From the preceding discussion if is apparent that the 
United States and the Soviet Union ara not alone in their 
conguest af space. The proyaected benifits of being in orbit 
have proved to be numerous, hence the tremendous effort put 
Forward by the nations previgusly mentioned. 

In order to solve the obsticles of topography China, 
India, Canada, and Japan have embarked on ambifious programs 
fhat will allow their dispersed populations fhe benefits of 
communication, felevision, and early warning broadcasts via 
safellite. Thesa same four nations have also fielded aarth 
observation and weather satellites in order £9 manage more 
effectively their resources. 

The Soviet Union and ESA have much larger programs which 
field numerous satelliffes, both military and civilian, along 
with deep space efforts. As mentioned previously fhe Soviet 
Union’s Space effort has bean mainly military, and has teen 


the backdrop for their manned space effort since fhe aarly 


Sixties. ESA on the other hand has maintained a broad 
pragram base with many joint proyects with NASA. ines 64s 
pradicted, Chat tha knowledge gained from thesa ventures 


will give ESA the technological background for their oun 


manned space effort by the year 2000. 
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The future in space for both man and machine will 
continue fo expand. The technology wtitll continue tin 
basically two directions: (13 Augmentation of currant earth 
assefs; (2: and further the ability for man to live and work 
in space. While space in the far term is open £9 
rTonyecture, it is apparent that there are goals in place for 
man’s further exploration and settlement. 1G becomes 
apparent that fhe magnitude of these explorations. and 
consequent exploitations are hugh. The ability of one 
individudal nation to undertake the expence of one of thease 
operations will be prohibitoary. It is felt by many that fhe 
space ventures of the future will 6e a blend of multi- 
national concerns and the governments under which they 
operate. It witli be through this cooperativa aftort fhat 
man makes his greatasf strides. 

This current and future anvironment that the US Space 
Poviey nust operate, is highly competative, With the 
fampetition being not gust military but economic as well. 
The continuing trends of these foriegn space programs will 
only tend to exacerbate this situation. Therefore, the 
implementation of policy must be fFhrough future 
fechnological developments coupled with planning for coming 


aventualities. 
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ieee Soe LS 


a. INTRODUCTION 


Components of the model are the missions, jobs, or 
activities the system must perform to realize ifs 
ob yectives. &s Churchman suggests, the camponants of 
thismodel are designed, not according to similarify of 
function, but according to similarity of peeicia: Once the 
components are analysed, then a blending of orbifal 


mechanics and the axioms of Mahan will ensue fo illustrata 
Chis similarity. 

One of thea vital camponents of the system model is that 
of orbital mechanics/arbitology. In order fo understand fhe 
ralation of Mahan to space activities, it 15 Necessary that 
one ave a rudimentary understanding of orbital mechanics 


and orbital fopography. 


EB. DRBITAL MECHANICS: INTRODUCTION 

& discussion of orbital mechanics will include a basic 
lock at the energy relationships between velocity, motion in 
gravitational fields. and orbital geometry. The discussion 
will 6e extended to launch trayectories, co-planar orbital 


transfers. and intercepts (randezvous}. The purpose of this 
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analysis is fo illustrate that spaceflight. in order to be 
aconomical, follows a Least energy trajyectary>. 

In order to analyse these Least energy relationships, a 
Look at the underlying principles is in order. From the 
results of this analysis the various orbits will be briefly 
explained along with the corresponding transfer maneuvers. 
Finally a look af special cases will be condycted to #£=xshow 
fhat fhe inter-relationships in fhe orbital geometries 
ramain constan€. 

sis The Foundations 

It was on Christmas Day, 1642 fhat Tycho Grahe and 
Johanne Keppler laid the foundations af orbital mechanics ag 
we know it CRef. 28:pp. i-2). 

Tycho, the noble aristocratic Dane, was exceptional 
in fhe mechanical ingensyity and meticulous in the 
cOollacfion and recording of accurate data on tha 
Positions of the planets. He was utterly devoid of tha 
gift of theoretical speculation and mathematical power. 

Kepler, the poor sickly mathematician, onfiftted by 
nafure for accurate observafions, was gifted with tha 
patience and innate mathematical perception needed fo 
umnbock the secrets hidden in Tycho’s data. 

Johanne Kapler’s observations of Brahe’s data are Listed 
below CRef. 28:9. 2y: 


First Lasgs: The orbit of gach planet is an ellipse with 
fhe Sun at ifs focus. 


* High energy trajectories will not be discussed due fo 
GCheir fRiagh CEP*’s (Circular Ester Jevebai = These high 
CEP ‘’s are due fo the small flight path angles flown by the 
Yehicle. 
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Second Law: The line going from the planet to the Sun 
sweeps out equal areas in equal fime. 


Third Law: The square of the period of the planet is 
proportional fo the cube of its mean dist- 
ance from tha Sun. 

While these Laws are not qualitatively definitive they 
explain a great deal. It was not until Sir Edmond Halley, 
brought Sir Issac Newton’s discoveries to light that tha 
mystery of Keppler’s Laws were explained. 
2. Newtonian Mechanics 

In 1687 Newton published. “The Principia Mathematica 
Philosphiae Naturalis". His discoveries area as follous 
ERef. 29:pp. 47-50]: 

First Laas: Fvyery body continues in a state of rest or 9 
uniform motion in a straight line unless if 


compelled to change that state Oby force 
impressed upon it. 


ot 


i wl 


ul 


Second Law: The rate of change of momentum is proportional 
to the force impressed and i5 in the same 
direction as that force. 


Third Lau: Fo every action there is always opposed an 
equal reaction. 


From the above three observations, now Laws of Physics, is 
derived Newton’s Law of Universal Gravitation which is what 
governs space Flight as we know it CRef. SGO:pp. 2-9]: 
Every particle in the Universe attracts every other 
particle with a force that is proportional to tha 
product of the masses and inversely proportional to 
fhe square of the distance between the particles. 
While it is not fhe intention of this thesis ta derive all 


the relationships, a dimensional analysis will b@ conducted 


to @yplain their correspondence to one another and thea 
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subsaquent atfect they have on the space flight anergy 


budget. 
"ae The Universal Law of Gravitation 
In the formulation of the Universal Law of 
Gravitation Newton introduced the constant of 
proportionality, ‘G@’%. The Universal Gravitation Law is 


stated mathematicaliy as follows: 
F = GMm/r * 


In orbital mechanics it is the usual practice to 
combine ‘G‘’ with the large mass and creat a new constant 
2 WU This 15 done because the mass of fhe earth 15 usually 
very much greater than the mass of the second bady (usuaily 
A satallite) which yields the new expression, F = UU mir * 
In addition if we chose the Earth as our reference point 
then the Soenene caer on the surface is due fo gravity alone 
which ylrelds F = mg. By equating Forces, F = mg = uw m/r’and 
dividing through by a unit mass we find that gravity is 
inversely proportional to the square of the distance from 
our reference, g = uU Pee 

Db. Seer 
The laws of conservation of specific mechanical energy 
and specific angular momentum govern any body in space 
following a free flight path, whether it is a missile, a 
satellite, or a natural body. (Ref. GO:pp. S-15] 


To explain this statement further there needs 2 be the 


application of both Newton’s Second Law and that of the 
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First Law of Thermodynamics C€Ref. 29:p. 2777: 


First Law: A U = AG - AW 


Whera: A U = The increase in the internal energy 
of the system. 


A @ = The heat which flows into the system. 


A W = The work done by the system. 


Stated simply. the above equation says that energy can 
neither be created or destroyed but only converted from one 
form to another. 

From the above equation we can show that the 
energy put into the system must equal the energy out oat the 
system, or that KE Ckinefic energy = -PE (potential 
anargy>. This conservation af energy is what determines 
whether or not a body will ramain in orbit or tLleave the 
influence of the Earth forevar. The following is a 


dimensional Look aft fhese properfies: 


The formula for Potential Energy is: 
Fee 6> umes rT 


to find the PE per unit mass we divide both sides 
by ‘“m’%. 


Bem = "Sy se 
The formula for Ainetic Energy is: 
KE = mv2/2 
Again. dividing both sides by a unif mass, 


KE/m = v2 fa 


a. 


From the previously defined relationshios: 


AE = -FPE 
O- = KE = r= 
By substitution: O = KESm —- PE/m 


or: O v%2- u/r 


ra, the specific mechanical energy . ‘EE’, of 
fam is dafined as: 


E=v%¥2-—- yr 


This very important relationship has rather 
Large Tamifications for orbital mechanics of which fhe 


following are examples: 


As “Tt (the tradius}, grous without bound, L ¢ 
approaches zero ileaving the energy of the system 
positive. A poslifive anergy means that the body has 


enough anergy £09 Leave the system. 


If the velocity begins to approach trero the body is 
captured by the system. Since the body is gaining 
potential enargy if alithear never left the pad, or if is 
erashing into the larger body. 


If the velocity needed for 4a narticular oarhpt oes 
constant then tha equafion translates into a Linear 
relaflonship betueen payload and energy. TRIS makes 
sansa, for as ane increases payload thera is a 
corresponding increase in the energy needed to place if 
nM <“aro1e, It the energy output of the booster is 


fixed than a larger payload will have to go into a lower 
erois . Payload is Energy! 


ee In Orbit 
The preceding discussion has shown in @ much 
simplified Way, the energy relationships which govern 


pufting a vehicle in space. Once in space, tha quastion 


remains as how objects stay in orbit given 2 constant pull 


af gravity from fhe larger body. The answer lias in fhe 
anergy equation, Newton’s second law, and the inverse 
square law of gravity. Once in orbit the spacecraft has a 


momentum which is imparted O6y fhe mechanical energy at a 


particular arbital altitude. Newton sfated fhat an obsacts 
gniform motion should 62 in a straight line unless acted 
upon by an outside force. The outside force 15 gravity, and 


it acts on this momentum and bends it into an orbit around 
ae earth. This change in momentum i135 exactly equal fo 06rd tha 
gravitational pull at that altitude. 

Another way fo visualize fhis concapt was first 
put forward by Br. Roberf S&S. Richardson, an astronomer af 
Mt. Wilson Observatory CRef. 34: op. 34). ee eoncept was 
that of a gravity well*® around large bodies in space, 5320 
Peers OS ERef. Si:p. S7d: 

This concept f1f in well with what Newton had 


2 28S a 


ci 


set forth. If one could visualize the fabric of spa 


bed sheet, with globes of proportionate mass to the planets 


+ The Earth is at the bottom of a tapering gravify well 
4000 miles deep. 
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Figure >. Gravity Wells Earth-floon System 


Q9laced on fhat sheet. then the puckers created by tha haavy 
ginbas would represent the distortion of space due to 
gravity. The walls of the gravity well diminish as it/r? and 
creat the boundaries of fhe orbits at particular altitudas. 
As can be seen if takes more energy near the earth to climb 
out of the well. than it does at higher Earth orbits. Lt 
this were not true, then the Earth’s gravifatiaonal pull 
would be infinite, i.e. a black hole. 
a: Orbitai Maneuvers 
With the above energy relationships defined the 


following discussion will look at orbital solutions which 
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can be derived from them. Once there is a selection made 
for LEO, GEO. lunar, ate. the problem is getting Share, see 


Figure 6 ERef. Si:pp. 65-66]. 
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Pigue es  o. Space Topography (to scala: 


Before 2 discussion is pursued on the launch phase 
into orbit. it would be wize to discuss the Hohmann ftranster 
maneuver. The transfer O6etween two circular co-planar 
orbits is ane oaf the most useful maneuvers in orbiftai 
mechanics. It represents an alternative to high altitude 
direct injection orbits. What Hohmann recognized in if2s 


CRef. Sa:p. 218] 15 that the least € AV} velociffty change 
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Tequired for the franster between two circular orbits is 
achieved by using a doubly-tangent transfer ellipse. As 
Lllustrated in Figure 7 €Ref. Ge:p. 219] the radius vecfors 


riand r,make up the sami-mayor axis of the allipse with vi 


ang Vv, being tha tangential velocity vectors at the 
intersection batween fhe two ellipses. Theratarea, from 
geometry: 
an 7 eee 
1 2 


From an analysis of angular momentum EReft. S3:p. 47] the 
relationship: 


E = vee 
or SS uae eo 
Now solving for V in the transfer from r, to r, 


E 


Vo fa ee ee 


Vo /2 = i /r 


= ws try a ee 


2 


I 


av = 2 Se ee 


What the last equation represents is the minimum anergy 


fhat must be added to fhe velocity at r to accomplish tha 


arbital change. By using the above relationship ane <can 
also find the circular vewecrty oF SAP Orbit. In the 
circular orbit r, = 7, soa therefore, the tinal osu aaa 


THIS @xpressian for aTrbital velocity also has some 





7 
uke 


Figure Hohmann Transfer Maneuvers 


interasting consequences. One can see Fhat the farther away 
from ha Earth one gets, the slower the orbital valacifty. 
This makes intuitive good sanse as a satellifie in LED orbits 
fhe Earth every FO minutes, and a satellite at GED orbits 
avery 24 haurs, and fhe moon (a special Earth satellite: 
Orbits every 28 days. 
e, Launch 

When the milésion coordinators gplan fo put a 
vahicle into orbit Chey vse a modified Hohmann transfer 
2liipse. The modification is enployed becayse QF 
gravitational force Loading on tha airframa. The spaca 
lasnch 1s conducted so that the payload is continually 


propalled. excapt for brief interruptions during sfaging, 


from Litt of Ff fo final injection inte an O14 Gop 
Eragpee .or 4: 

The inifial portion af the trajectory begins 
with a brief pariod of orbhifal flight followed by a gradual 


tha 


ny 


pitch over sequence (programmed 116} that deflect 
vehicle into an angle af 40 £0 350 degrees from the vertical. 
affar the inttial pitch over sequanca tha vahiee follows a 
rero angisa af attack gravify turn which gradually deflects 
fhe velocity vector foward the horizontal, Figura 8 (CRef. 


Se pe ore 


-_ ww 





Figura 8. The Gravity Tutn 


This procedure is used for two mayor reasons; 
fas 5, fhe thrust always acts in the direcfion of the 
Velacity vector, and the gravitational force which opposes 
fhe thrust diminishes as the cosine of the angle between 


fham. As the thrust vector approaches horizontal ¢€ 6 = FO 
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dagreas} fhe gravity component approaches tera. ne 


0 


ealaganc2e in his maneuver is tha uyfilization of fh 
aerodynamic proparties of the Launch vehicle, plus the added 


benafit of using the rotational velocity contributed by fhe 


iD 


Earth. In the Last phase of fhe ascanft frajseactary, 
corrections are made fo aensure inyection occurs at tha 
desired orbital altitude. As an example, imagine the spaca 
shuttia sitting on the pad (r,thaving an inifftal velocity 
equal to that of the Earths rotation (v,?. AG lit Go ort, 
eanargy is added in the way described above so fhat af tha 
fop of ifs ftrayecfory (Ctranster ellipse? tha velocity is 


mhat L135 needed af that altitude. Again the equation holds 


trye: 


f. Rendezvous 

In order £9 randervous, fhe planner must faka 
info account the relative motion of the object already in 
emo1t. Oncaea the intended movemant of fhe arbiting vehicis 
is defermined, lf iS a pracess of manipulating the orbital 
mechanics in such a way as fo put the pursuing spacecraft on 
32 ‘collision’ coursa. The new course is that of a Hohmann 
fransfer such that the minimum energy employed puts the 
pursuing spacecraft at the point of intercept at the exact 


moment if is at fhe top of the transfer ellipsa. 


qe aro cs 
The following discussion wil 
fop oggraphy of space as if is cCurrentl 
observation, communicatians, and scilenti 


reafar to Figure 35 CRef. ae The orbl 


(1: Earth’s Atmosphere: This zone eaxfteand 


L lay out tna 
yY used tor Baran 
fic exploTratrom 


€s ara as tollows 


5s trom tha 


surface of the Earth fo approximately LOG km. 
This zone contains most of tha gaseous afmos— 


phere, and presents a large imped 
Launching space vehicles. 


fow Earth Orbit (LEO}: TRIS zone ex 


—~ 
fi) 
~~ t 


iment for 


tends trom 


1CO km ¢0 S300 kam. It is this area where most 


of the observation, navigation, dete 
ultimately where the space station 
orbited. TRIS zone lies below the 
Belts +. 


(3+ High Earth Orbit (CHEO?: This tona axt 
SCQ km to 40,000 km and Lies witht 
&llan Belts. Currently Geosynchron 
(GEO, 3G&,C0O0 km is used for direct 


ction, and 
will ba 
Van &a&llen 


ends from 
mn the Van 
ous Orbit 
broadcast, 


some earth resources and tracking capability. 


(4: Cis-Lunar Space (CLS): This zone extends fram 


46,000 km to within 100 km =o of 
surface. 


(S53 Lunar Orbit“Surface (LOS): This zone 
from the lunar surface to i100 *« 
orbital parameter is the dividing lin 
CLS and Trans-lunar space. 


+ The Van Allen belts contain high 
which Lie in concentrated Layers around 
radioactivs belts are concentrated between 
ken. 


&0 


the lunar 


axtands 
m. This 
@® batween 


energy particles 
the Earth. These 
3900 km and 240, OCO 


(6} Trans-Lunar Space (TLS): This is approximately 
390,000 kms from the Earth and extends to 
approximately 24,000,000 kms. This arbitrary 
line was chosen because the slope of thea 
Earth’s gravity well is approximately zero, 
with the solar gravity well being dominant. 


h. Special Case 
A special case within the earth-moon system is 


fhe Lagrange or Earth—-moon librafion points, sea Figure 8 


C[Ref. Si:p. 6019: 
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&s can be seen there are 3 libration points about the moon. 
They lie 60 degrees ahead and behind (L4 and LS}. and 180 
degrees ahead of the moon in its orbit (LO>. The ather two 


are tn the Earth-moon Line and Lie 76000 km from the moon 


Gl 


fowards the Earth, and 71000 km away from the moon from the 
Earth (Retagsian.. see, 

The Libration points Li, L2, Lo, ar2 unsfabla, 
meaning that if would take an input of energy fo keep an 
obyect place there stationary. The other two L4, and LS are 
stable. This is a theoretical result of Lagrange’s 
calculation of the three body problem (CRef. Bil. By analogy 
we know them to be stable because of two planetoids in the 
Jdupifter-Sun system which occupy the same relational spaces 
which are stable. If one were to utilize the gravity wall 


analogy, all the gravitational accelerations cancel ona 


rr 


another out. leaving L4 and LS stable. 
3. Summary 
It is the physics of the. space environment which has 
dictated our approach to placing abyects in orb at Due £09 


fhe extreme distances and the boundary conditions (gtravify, 


energy, and resources}, the approach used is the Hohmann 
transfer, or path of least anergy. rt is 6y the careful 
balancing or the energy budget against the orbital 


parameters that insures that we get the most payload in 
orbit for the resources expended. By paying attention to the 


parameters below: 


iv Gravity follows an inverse square law. 


2. Energy is constant, it can only be changed from 
ane form to another. 


&2 


3. There is an inverse relationship between energy 
input and system effect. 


4. Payload is directly related to energy. 


5. Spaceflight foday is conducted using thea Hohmann 
transfer maneuver, or path of least energy. 


&. Orbits are chosen according to mission area. 


pe There are stable and unstable areas in the aarth 
moon system. 


B. The distances are great and the time fo cover 
fhem ranges from minutes to days. 
we can perform a variaty oat oruitael maneuvers, 30 
consequently have a number of orbital options open for 
exploitation. These options can produce the mathodologies 


by which wa can achieve the goals af US Space Policy. 


C. MAHAN AND THE LIMITS OF SPACE 

Another equally powerful component af tha systems model 
are the axioms of Mahan. The question is surely to arise as 
fo why these axioms, and not samething more contemporary: 
The answer is two fold, it is the belief of this thesis that 
m& T. Mahan gave, by analogy, a clear recipe for fhe coping 
for the initial stages af spacea exploration, exploitation, 
sovereignty, and control; and secondly, there 1S a 
tramendous similarity between the conflict in space and that 
of the seas, see Appendix 2 CRef. B34]. 

The following discussion will lay a foundation for 
strategy by utilizing the axioms of Alfred Thayer Mahan, his 


pradecassors and succassars. When this has bean 


Go 


accomplished, these maxims will be blended with orbital 
mechanics to provide insight into achieving the goals of US 
Space Oe tr 
te Mahan, a Man and His Times 

Alfred Thayer Mahan, was invited to lecfura at the 
US Naval War College after the completion of his first book, 
“Tha Gulf and Inland Waters“, in the Civil War. In the 
course of preparing his lectures for the Naval War College, 
Mahan somehow found himself, rosa above a career which until 
now he himself acknowledged had been nearly wasted, and 
exceadad ali axpectations by daveloping his famous trilogy 
£9 inaugurate a philisophicai study of naval nistory: The 
Influence of Sea Power upon History, iSOO-17SS  Kteser The 
inflvance of Sea Power coon fhe French Revolution and 
Empire, ifv93-iGi2z (1852); and Sea Power and Its Relation ¢o 
fhe War af 1612 (19035) CRef. SSip. i7Sl. A. FO Mahaneagpeee 
af a time when there was a2 great expansion of fhe world 
powers info colonial empires and stratagic holdings. He 
wrote fo insure that the United States would not be cuff off 
from thea sea and her livelihood by this very same coloniel 
eaxpansion CRef. GS:pp. 174-1777. In order fo schiaeve a 


perspective, Mahan Looked fo hisfory for answers. rt Gieg 


i 


me 
aoparent to him that the past had a great deal to say to the 
fufure. Mahan speaking to the value of historical study 


tilustrated Ghat Ret. S46: 5.727, 
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The hRistery of sea power is Largely, though by no means 
solaly,. a narrative af conflicts between nations, of 
mutual rivalries, of violence frequently culminating in 


wan. The profound iinflveance of sea commerce upon thea 
wealth and strength of countries was clearly seen lang 
before fhe true principies which governed ifs growth and 
prosperity were detected. To secure to one’s oun people 
3a #isproportionate share of such benefits, every effort 
was made to exclude others, eifher by peaceful 
Legislative mefhods 2 7 monopoly oy prohibitory 
regulations, or, when these failed direct violence. The 
ciash of interests, fhe angry feelings roused by 
conflicting attempts thus to appropriate a larger share, 
if not the whole, of fhe advantages of commerce: and of 
distant unsettled regions Led to wars. On fhe other 
hand, wars arising from other causes have bean greatly 
modified in their conduct and issue by control of ths 
Sea. 


In his writings and feachings, Mahan was particularly 
inflyanced by fhe works of Henri Jomini., 2 Swiss theorists. 
It was Jomini who first put forth the strategy of tha 


battlefield CRef. 27: pp. 46-471: 


a 


i Selection of the theater of war, and the discussion 
ot the different combinations it allows. 

e. Determinations of the decisive points in the comb- 
inations and the most favorable direction for 
operations. 

3) Selection and establishment of a fixed Sase and the 
zone of aperations. 

q. Selaction of the objective point, whether offensive 
or defensive. 

2s The strategic fronts. lines of defense, and fronts 
of operatians. 

&. Choice of lines of operations leading to ‘fhe 
ob yective poinf or sfrategic front. 

ie For a given operation. the best strategic line and 


fhe different maneuvers necessary to ambrace ali 
possible cases. 


a3 


of ooerations, and the strafegic 
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oe The marches of armias, considered as maneuvers. 
iG. The relations between the positions of depots and 
fhe marches of the army. 

If was the genius of Mahan that recognised tha similaritias 
befwean Jomini‘’s, ‘Aart of War’, and thaf of naval strategy. 
With this as His backdrop, Mahan formulated his analysis. 
He condensed Jomini’s writings and dividad his strategic 
maval analysis into four interrelated areas: CL The 
mecassity for cantral positions or lines; (2} Tha necessity 
of interior Lines of movement relative to cantral sosifions; 
and (33> the bearing of communications up9n the foregenee 
ability to maintain igsselft and operata; and C43 
concentration of force CRet. 2.28.0 .iy.. While Mahan had 
creatad a complete analysis he s&&ill purported that strategy 
is all that pertains before, ‘contact’, of hostile armies 
and fleets CRef. 2G6:p. 47. 
=. Strateqy: & Befinitiaon 

While there were many examples cited in his works as 
fo heau naval strategy was employed successfully, their was 
not actualiy seat down any guidelines as to how a strategy 
was derived using the principles sat forth. It was later 
fheoreticians building upon Mahan’s work that more thoraugh 


explanations of strategy began to come to Light. 
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One such rigorous explanation of naval strategy was 
Pope rorwaru Sy tr. =. Eccles when he stated that CRef. 40: 9. 
12], 


Strategy is the comprehensive direction of the power to 
control situations and areas to attain broad objectives. 


This statement was further analyzed with fhe following 


conclusions CRef. 40:p. 34: 


Strategy 15 comprehensive-it aims at the whole 
field of action. 


ps 


a. Strategy is the direction of power. It should 
not concern iffself with operational details. 

- Strategy deals with all forms of power avail- 
able fo the command. 

4. Strategy deals with situaflons and areas, l.e. 
peoples attitudes and behavior, relative posi- 
tions and lines of communication, chokepoing£s, 
material resources, combat bases, etc. 

=m Strategy and destruction are not synonymous. 

A. Strategy uses destruction only where fhera are 
no other means of control. 

t. Strategy controls both thea application of 
power and the resources of power. 

& key word in Eccles’ analysis is, Peon Ts). Contreal as 


Telated to sfrategy is described by H. Rosinski as (Ref. 


$i:p. G41, 
the element of control is the essance of 
strategy: controi being the element that differentiates 
frye strategic action from a haphazard Of 


improvisations. 
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Therefore it is strategy, in contrast to haphazard action 
which aims to control the field of action whether ite 
MiLicary, POli1tctvicar, or inftellactual. Strategy must be 
comprehensive in arder fo control every possible variety of 
response. 

Comprehensive control of the field of action lies in 
concentration wvupon the minimum number of kay tines of action 
or key positions from which the field can be positively 
controlled CRef. 4i:p. 641]. With more rigorous definitions 
of strategy and control as background, application to the 
principles as laid down by Mahan are in order. 

5 Fundamental Principles 
Due to the difference between sea and land warfare 
Mahan had the formidable fask of deriving the relations 
between Jomini’s axiams and his analysis. On the subyect of 
central position and interior lines he stated (Ref. Sé:op. 
Doesie. 
The characteristic of interior lines 135s that of the 
central position prolonged in one or more directions, 
thus favoring sustained interposition between separate 
bodies of the enemyi with the consequent power t9 
concantrate against eifher, while holding the ofher in 
check with a force possibly inferior. 

Mahan saw that a strong cantral position. coupled with 

interior lines of communications, enabled one to assemble 

more rapidly than the enemy on tuo opposite fronts, which 


allowed a@ more effactive use of forces, i. 8. comprehensive 


Comic ron. Mahan stated that the strong central positions 
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were to be found at the geographical choke points, 1.e., tha 


Straits of Gibraltar, the Kiel Canali, the Panama Canal, and 
others. With the careful caonnecfion of one central position 
to another it gave access to many interior Lines. The 


maritime interior Lines eluded to were found on the route by 
Suez instead of the Cape of Good Hope, and the Panama Canal 
rather than Cape Horn. So there would be no misfake as fa 
what Mahan had meant he gave a further, and simpler example 
C[Ref. 3G: pp. 91i-Se2], 


heosco instances of “Interior“ wili recail one oF our 
boyhood ’s geometrical theorems, deamonstrafing fhat, from 


aA point interior to a triangle, lines drawn to fwo 
angles are shorter than the corresponding sides of the 
Sriangle ifself. Briefly, inferior lines area lines 


shorter in time than those that the enemy can use. 
Once the cantral position and inferior lines were in 
place, there had to be distinctions between their offensive 


and defensive characteristics. When describing fhe inherent 


Si 


differences in communications Mahan stated (Raf. Bé:p. =I, 
“Cammunications™ is a general term, designating the 
lines of movement by which a military Sody, army or 
flast, is kept in living connection with the nafiaonal 
power. This Being fhe leading characteristic of 
communications, they may be considered assentially lines 
of defensive action; while interior Lines are rather 
offensive in character, enabling the belligerent favored 
by them to attack in force one part of the hostile line 
sooner than the enemy can rainforce iif, because the 
assailant is nearer than the friend. 


While there had been much eanumeration on interior Lines 
Mahan made further statements on the defensive character of 
Lines of communication. fahan held that Lines of 


communication, eompared fo almost anything else should bea 


OF: 


“ 


afta, and therefore represent the most lLlikaly lina oF 


ut 


iD 
et 


i i 


% 


af a force may take should a reverse be eaxpariencad. 


et 


In he direct application of this princinle to naval 
strategy, i. @., that one must always guard one’s Line oF 
communications, Mahan determined that secure communications 
at sea d2pend on naval preponderance, especially if the 
distances between the home and advance bases ara great CRef. 
oe. 

With the establishment of central position, interior 
Lines and cammunications they enabled the controlling forca 
fo ‘concantrate’, these advanfages upon the anemy. Whiie 


Mahan gave many good examples of concentration, it was Sir 


JuLian Corbett who summed up the principle €Raf. 42:p. 1181, 


The obyect of Naval concentration ... will 5@ £o #£=cover 
the widest passible area and fo preserve at tha same 
fime elastic cohesion, so as to secure -rapidgd 


condansaftions af any fu0 ar mare parts of fhe organism, 
and in any part of the area covered, at the will of the 
SaOncrolling mindi and above all, sur2@ and rapid 
condensation of the whole at the strategical cant 


ar. 
It is a visualiztation of the spider on 4 web that brings aii 
fhe points Mahan has made under one roof. The central 


position is the center of the web and the rays emanating 


from the center are the interior lines which lead to tha 


adgea. The edge of the web resresents fhe maximum area that 
can 5e gatroalled and utilized . If the ssider suffers 3 
rayerse af the edge, the interior lines then become 


fafansiva in natura and are the first lines of retreat. IF 


is for this rsason that they must be guarded. 
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4. Strategic Positions and Lines 
The strafegical canter, as mentioned Sy Corbet, was 
different in naval sfrategy than in Land warfare. Mahan had 
learned from JVomini that avary area of operations had if5 


strategic pcints. Mahan idantified these stratagic paints 


ib 


s: (13 the basa, fhe possession of which provides first the 


y 


ability ta launch an offensive operation, or givas logistic 
support, or in the case of fTeverse, protection: (2? the 
second strategic paint is that place which the fleet 
maccupies. Tais implies that tha tleet must have a superior 
force (Ret. B6:p. 46]. Mahan on the subyect af bases and fhe 
fleet at sea sfated (Raf. 3B8:pp. 200, 87 


Notwithstanding the difficulty of maintaining distant 
and seodsrate dependencies, a RMNation which wishes fo 
assure 2a share of control cn any theater of marifime 
importance cannot afford fo be without footing on same 
of the strategic points fo be found fhere. Such points 
suitably chosen from their relative positions, form a 
base; secondary as regards the home country, primary as 
regards the immediate theater. . . . The principle 

is that of keeping a superior force at a da@cisive point: 
Bxoressed in the homely phrase of getting there fhe 
first with the most men. 


In regards to what constituted a strafegic position Mahan 
pragssed three conditions: sifuation, intrinsic strength, 
and resources (CRef. S65 peeGS 1. When explaining what was 
meant by . ‘situation’, he stated CRef. Bé:p. 691, 
Generally the value of the situations depends on tha 
nearness 0 a sea route; to those Lines of trade which 


when drawn upon the ocean common, are as imaginary as 
the paralleis of the chart, yet as really and usefully 


exist. If the sosition 6@ on the two routes at the sama 
fFime, that is, near tha crossing the value is eanhanced. 
& cross-read is assentially a central position, 


v1 


facilitating acfion in as many directions as there are 
Tosa >. 


Before the age of steam, these had been the intersection of 
fhe routes favored by the tradewinds. With the pre-eminence 
of steam thess became the infersections of the great circle 
routes upon the chart. 

When speaking of intrinsic strength he stated that 
if was Odbo0th offensive and defensive in character. Further 
more, he stated that detansive strength depended upon 


germanent works CRet. 36:pp. 7G, 74]. Upon further analysis 


th 


of dafense he quotes Corbett + who in turn takes a maxim of 
Clausewitz and states, CRef. 36:p. 891, 


When we say that defense is the strong form of war, fhat 


1S, it requires a smaller force if soundly designed, wa 
are speaking, of course only on ane certain line oF 
operations. Lt we do sero: know the general Line of 
Mperation on which the enemy intends to attack, and so 


cannot mass our force uson if, then defense is weak, 
because we are compelled to distribute our foresees so as 
to be strong enough to stop fhe enemy on any line of 
anperations he may adopt. 
It is this strength upon a single line of approach which 
puts the attacker into a situation of continual mavement, 
mhich makes him liable to misfakes. THis 135 the frue 
advantage of defense CRef. Gé6:p. 871]. 
Mahan knew that offense and defense were ditfearent 


faces of the same coin. Only through a strong defense could 


one eatffectivealy conduct a successful offense. To creat the 


+ Corbett used the term ‘line of operation’ rather that 
communication. 


strength needed for this defense there had to be natural 
resources. Natural resources, would provide more intrensic 
strength than a position where they had to 62 Obroeught in. 
As a final statement concerning strategic positions Mahan 
postulated that (Ref. 36:p. SOQ], 

Where all three c£onditions, situation, intrensic 

strength, and abundant resources, are found in fhe same 

glace, if becomes of great consequence strategically, 

and may be of the very first importance 

Frem these strategic points, issuvued forth the 

strategic lines, and those that were tha most important were 
communications. The communications of which Mahan spoke 


were logistics, and those with the government. Mahan 


believed these to be the mosf important singie alament in 


strategy, either military or political. It is fhe cantrol 
af these which Lead to pre-eminence in sea-power [Ref BA: 
e734. 


2: Blockade 

While all this looked great on tha surface Sir 
JULian Corbett fook issue with Mahan over many of tha 
definifions that were proposed. Corbett felt fhat fhere wera 
mayor ditferences between Land and naval strategy ftfhat had 
nof been addressed. The first issue brought forth was that 
of concentration of force. Corbett stated the fundamental 
difference as CRef. 42:pp. 140-142] 


In naval warfare we have a far-reaching fach which is 


entirely unknown on Land. It is simply this - that it 
is possible for the enemy fo remove his fleet from thea 
board altogether. He may withdraw if into a dafended 


nort, where it is absolutely out of Your Pesan ney ene 
fhe assistance of the army. No amount of naval force, 
and no amount of of fensiva spirit, can avail you. 

When addressing the question of whether strategy is mainly 


definite Lines of communications he stated (Ret. 42], 


in Land warfare we can determine with some precisian fhe 


Limits and direction of our enemies movements. We know 
fhat they must 62 determined mainly by roads and 
obstaciss. There is nothing Like this on thea face of 
the s@a to assisf us in locating him and defermining his 
movements. . . . Conseguantiy in seeking to strike our 


anemy the Liability to miss him is much greater at sea 

fFhan on tland, and the chances of being eluded by tha 

anemy whom we are seeking. . handle fo maxim of 

"“Sesking out the enemy’s Fleet“, with caution. 
The Last 1335ue8 was that of concentration of affort. Mahan 
had stated that you should keep a single aye on fhe farce 
yOu wished to ovarthrow without regard to ulfarior oabjercts 
Ena. Ge 5- 447. Corbett believed that you concentrafead on 
frads af the expanse of fhe anemies Fleet or wicea versa. Le 
you tried to concentrate on both you would compromises 5ofh. 
Corbeftf stated at this point that, “. . . the anamiess coast 
should 62 aur frontier. “CRef. 4e:p. 144] This couid have 
ouf one explanation and that was blockade. 

Blockade was the ultimate form of sea adanial. Le 

“Use answered many of the questions that Corbett fad put of 
Mahan. There ware distinctive ouflines of the coast and if 
also produced a vehicle whereas ahe did nat Rane 
compromise merchant shipging ¢0 sporadic enemy attacks. 
Mahan had covered fhe topic of olockade But had approached 


if from a different vantage but. the results were fhe sama. 


Mahan believed that blockade could be divided up into threa 
diffarent types: CL? commerce dastroying: (2s commercial 
blockade; (3) and military blockade. 

In utilization of commerce desfruction one could in 
fheory destroy the enemy through fhe destrucfion of Ais 
Livelihood. As Mahan stated CRef. 34:p. Sed, 

To attack the commerce of the enemy 15 theretore £foa 
criopgle him in the measure of success achieved, in fhe 
particular factor which is vital to fhe maintenance af 
wan. Moreover, in thea complicated conditions oaf 
mercantile activity no one O6ranch can 68 Seriously 
injured without involving the others. 
While this was called financial and political ‘commarcea 
destroying’, in the military sense Lf was strictly analagaus 
fo impairing the enemy's cammunicatiaons. This was an o2ofLion 
Ogen fo Eat navies who were near fheir adversaries; and 
usually conducted agains unarmed and unprofecfed 
merchantmen. The French called this action, ‘Guerre de 
coursa’ (Raf. 36]. 

Commercial Blockade on the other hand, was tha 
complete closure af ports £9 ingress and egress. [fF was nat 
cansideread a military operation in a sense because iif did 
nof involve fighting, nor capture. In addition, it was not 
directed against military ports unless they were also 


2 


tt 


anter 


us 


oF cemmerce. l¢s effects nevar the lass were 
devastating f0 any economy which if was Obraught against 


foot, oo]. 


Thea military Slockade 15 just what it purported 
Se. If is a Blockade of specific ports whara the anemy 
Fleat is stationed. This endeavor is accomplished by 
atationing 2 competent force betore the enemy's harbor 
fhereforea inferdic&fing the Lines otf communications to his 
Fleet. Gue fo the canfining nature of the military 
blockade, the enemy is unable fo =jdefend the shipping so 
yitally needed fo mainfain ongoing efforts needed in 
warfighting. This is s2@en as 2 way fhat ane could conduct 
with Least effort the interdicfion of the enemies 
communications. This again, 15 reminiscent at Corbett 's, 
and Rosinski‘’s camprehensive control and economy of effort. 

a Summary 
Mahan; in his analysis of naval strategy, stated 


that ther 


iD 


wera three things which Led to successful naval 


strategy. These wera: oles central HSosition: {2} 
communications: C33 and concentration. If was his 
successors which laid the Hhases for mMora2 rigoraus 


dafinitions of strategy 5y using Mahan’s earlier gictums. 
By ufilizing mora stringent definitions, Mahan’s successors 
femansfrated that strategy was comprehensive and must 
possess a world view. [tf is this comprehensive view that 
allows the sfrategist to concentrate naval force on a number 


of key positions or Lines, with economy af force. 


In order to concentrate one’s fleet fhere rad £o 
axLlaf a central posiffian and Passer Lor Lines at 
communications. The interior lines were fime sensifive and 
ailouwsd thea attainment of posifion saaoner than tha 
adversary. This could only be achieved if ane had naval 
areponderance or a strong defensive base. Fhe base axisted 
so that the fleat if suffering a reverse could raftira from 
Lts fiald of action along dafansibla Lines at 
communications. 

While this theory of naval strategy held if fhe 
anamy was at sea, 16 did not hold if the anemy refused fo 
fake the field and stayed in port. With this situation, tha 


aoncept at naval oblackada was explored ant subsaquantiy 


ut 


divided into three specific areas: (13 Guerra 8 Course 
{commerce destroying? (23 commerce blockadai (33 and 
military Slockada. The intarrelating factor of all fka 
blackade systems was that af commerce disruption ay 
interdiction of the sea Lines of communication. twas fells 
that his i interdiction, would bring an early end fo fha 


conflict an favorable terms. 


GB. DISCUSSION: MAHAN AND THE LIMITING LINES 
Thare is.not a reason at this point in time for there to 
be conflict in space. But, Mahan has sated that as 


resources and room to conduct operations become more 


restTiawed, then there wilt be eonfitict & sveroganis Ls 


anfitled fo the larger share. To avert this possibility of 
being divested af sovereignty #+# Mahan stated (CRef. Seems 
2OG], 


anation which wishes £0 assure a share of 
eonftral an any theater of maritime imporfance cannot 
afford to 528 without footing on some of the strategic 
points £0 be found there.. 
The questions remain as fo where these posifions are, and 
ean the US oaccupy them in arder to ansureae that ifs policy 


goals are met? The following will b& a blanding of Mahan 


and orbital mechanics in order to elucidate, by analogy, 


thease areas of cenfral position. 
Ls The Panama Theory 
In 1760, a se@minal thinker in fhe affairs of space, 
Dandridge M. Cole, put forth the Panama theory. The theory 


stated CRef. 43:5. G1, 


Thera are strategic areas in spacer--vitai fo =fufura 


Scianf&itic:s Military, and commercial space programs-— 
which must be occupied by the United States, lest their 
use ba forever denied us fhrough oaccupatian dy 


unfriendly powers. 
When writing 2a further explanafion in his baodk, "Exp Lowi 


fhe Gacrets of Space", Cole sftfated (Ref. 44: pp. 265-266]: 


* Conflict as referred to here 1s ecanomic, political, 
diplomatic, and military. 


#% Thare is by treaty no sovereignty in space, it is aft 
fhis time free for all parties. Sovereignty in this sense is 
mean& current arbifal positions (GEO}. Low Earth and Geo- 
synchronous inclinations. or altitudes. 
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This is called the Panama theory in analogy with 
the strateagically significant Panama Canal, since if 15 
believed that some areas in space will come fo have tha 
same kind of importance in future planetary operations. 
Some possible areas are the poles af fhe moan 
(beacause of the possibility of finding water thera;, the 
earth-moon libration points (such as fhe tz8ro gravity 
point between the earth and the moon} and perhaps some 
of the asteroids. 
What Cole was eluding fo was Mahan’s dictum of central 
posifion. In order to characterize the central position in 
Space, if is easier to speak of the platforms and orbits 
@lready in use and then extend the argument into futura 
erbital considerations. 
a. Satellites 
Safellites by there very nature as ‘pickets’, 
are afforded very little in the way of central position, or 
defensible lines of cammunicaticns. Due to current 
freaties, satellites fall under fhe orbital heading of, 
Nassession is nine ftanths of the law. Dy the nature of 
their function i.e.. surveillance, weather, navigation, SAR 
(Search and Rescuet, early warning, communications, and 
Barth resources there are certain orbital slots which snable 
fo satellites to conduct their function better than others. 


AS more and more countries realize the benefits of space , 


fhe problem of orbital crowding will begin to take placa. 


In addition, the earth‘’s Land masses are concentrated and 
separated by Large bodies of water. THiS means, as Cole 
Pointed out, that there are orbital positions of greater 


Value than others. 


79 


This problem 1s further comolicated bY 
satellites having little if any maneuvering capability. 
These weak defensive Lines make their destruction by space 
Mine rendezvous, or that of an earth Launched weapon a 
Naramount problem of security. 

b.. Sonat 

The Strategic BDetensa Initiative is, by analogy, 

a military blockade. If the Soviet’s. or some other 


belligerants Long Range Ballistic Missiles (LRBM} in their 


silos, can be considered to be ships in port then fhe 
dafinition fits. While SDI will be much like fhe sateallitas 
with Limifed manuvering capability, fhey do, by their 


Locafion hold a central posifion. 


Missiles. based upon their payload and Launch 
Sight. must fiy a path of least energy to their intended 
fargeat. The missiles expend most of thelr energy in the 
boest phase climbing out af the gravity well. This Launch 
frayecfory ils predictable and fakes time. Therefore, as 
Mahan had stated, defense is the sfronger form of war if 


fhera is but one Line of advance and there exists the 
ability fo exploit it. The LREM, based upon the criteria 
above, have But one Line of advanca. oy knowing fhe Launch 
site and fhe missile Launch capability you can compute the 


path of advance and counteract if. 


ee Wihemoso 45 Gaol a tian 
The space station being @ manned plaftarm has 
some distinctly different problems. Until fhere is the 
rgalization of what von Puttkamer labeled as phase three 
(closed life cycla support:, then there 15 a weak defensive 
Line af communication. Upon the completion of phase three 
then the space <astation has all three strategic gualities; 


sifuation, intrinsic strength, and natural resources. 


The space station alsa possesses numerous 
inferior lines of communications. Earth’s gravity plays 
powerfully into the space station equation. Cue 9 £=the 


gravitational inverse squara law, a space station Launch 13 
able to obtain a higher orbiff fasfer fhan a vehicla launched 
from below the station’s location. In instituting a launch 
foward. the sarth, gravitational acceleration becomes 
infinife unless acted on by some outside force. The space 
atation has the added ability to be strong detensively. 
Given that an objyect 153 on an intercept course it is 
following the path of least energy +. By using fhe 
previously presented arguments and knowing the sath or 
Toute, allows the employment of the Mahanian dictum of 
soncentratian. By concentrating force an the Line oF 


advance 1 presants the opportunity to disrupt that line af 


+ This 15 dealing with only space or esarth Launched 
vehicles/weapons and mot with particle beam or Laser 
MeAaPons. 
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communication. Disruption, should be able to ba accomplished 
by using an ecanomy of force due fo the advantage of 
comprehensive control over that Line of commun eater 
dd. alge Baran  Oieet o 

ALL of the above principles can be axtended to 
high earth orbit. It is fhe phenomenon of gravity, time, 
and physical parameters which make being in high earth orbit 
aven a more viable option for control. If must 6a 
rememberead that if fakes hours for an absect £0 rsach HED 
aifitudes. IG is Chis Cime which give the occupant of fhe 


eantral posiff'ion time £0 react to the environmental stress 


being added fo the sysfan. G. Harry Stine wrote in, 
"“Confrantafion in Space", fhat the higher up fhe gravify 
mati the better. His analogy was fuwo men, one at the bottom 


of a well and one af the top. [f they both fhrow rocks af 
ane another, “who gets hurt CRet. Sil?" While fhe analogy is 
Sitmole, it illustrates the principle aptly. The reason fhe 
man at fhe top never gets ALE is that he can s@e the path oaFf 
fhe sfone and move out of fhe way. The principle of cena 
p9osifian on fhe gravity well and inferior lines sf 
csommuNnications are even more pronounced in HED if fFfhere has 
been a consciaus effort fa construct Lines of communications 


bafween previously held central positions. 


@. Li: The Ultimafe High Ground 

While if was mentioned that Li was unsfabie, LG 
lies approximately where the earth-moon gravitafional fisid 
cancel. It has the added vaiuve as Mahan had stated as being 
at the cross-roads of trade. The central positian held aft 
Li, would allow one to control the whole earth-moon System, 
stable libration pcints (L4, and £53, and the access £9 
¢rans-Lunar space. If as Mahan has stated, you have been 
judicious and placed together many strong central positions, 
1. @. LBs HEQ, and Li then you have maintained the 
integrity of the inferior lines of communications, plus 
¢here are defensive lines to fall back upon if there should 
be a reverse. If as von Puttkamer has stated that the moon 
‘can be utilized as a resource posin for the mainfenance of 
apace based activities, then the instability of Li is a 

problem that can be managed. 

2. Summary 

The idea that to remain successful in a theater one 
had to have a footing on strafegic ground was first put 
forward by Mahan in response to the rapid expansion of tke 
worid into new spheres of influence. The similarity between 
that and expanding into soace was recognized and explained 
nee Db. M. Cole in fhe early 1960's. Cole recognized the 
strafegic importance of many areas in space and put for the 
‘Panama Theory’ but, the point remains it was Mahan and his 


naval strategy which provided a backdrop for many of thesa 
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later theorists. The point being, that Mahan has given a 
recipe for space expansion which will fill the goals of thea 
US Space Policy, and at the same time ensure that we are not 
excluded from exercising our rights in space. 


The rules of physics apply in that, to place an 


abyect in space it must follow the path of Least energy. 


This path of least energy is analogous to Mahan’s, great 
circle routes on earth, mhich therefore give an earth or 
space launched vahicle predictability. This predictability 


is what makes a defensive central position strong since 
there is Sut one path of advance. 

These paths of least energy allow one to apply thea 
principle of comprehensive eonurols and allows the 
concanftration of effort mien the greatest economy. rt sae 
for this reason that Mahan had a great deal to say about the 


exoansion into space. 
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V. CONCLUSION: MAN4GEMENT OF SPACE STRATEGY 


A. INTRODUCTION 
As the United States enters the 2ist Century, fhe keen 
competition for Limited resourses will accelerate. One oF 


fhe resourses available to help solve many of the US‘%s 


current oroblems, is space. This thesis Began by comparing 
the US Space Policy document with that of our main 
compatitor, the Soviet Union. While the need for nafionai 


security is paramount, that is where the similarity ain the 
tuo documents ends. As the United States wrestlas with the 
sroblems of staying economically compatitive with foreign 
space programs, the Soviet Union is working at the 
systematic and incremental exclusion of the U5 and ofhar 
infernational powers from space. This is a problem of 
utmost strategic importance, and what this thesis addressed 
itself fo. 

The strategic management of space was examined with the 
support of a systems model. The model was developed to aid 
in the organization of the large bodies of knowledge which 
arte icyrrently available on the subyect of spaca. Upon 
integration of the various pieces of the model, a coherent 
framework was eastablished giving a visual picture of the 
interrelationshias. By visualizing the complexity of tha 


inferactions, if allows one to arrive at an appropriste 
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strategy knowing. that ail the interactions have been 
accounted for, or faken into consideration. 

The model ysead was first proposed by C. West Churchman. 
Chruchman’s model divided the system into five mayor parfs: 
(13 the environment; (2) resourses; (3) components: C4} 
planning: Ca? and Comerou The elegance behind the 
canstruct was that each undifferentiated body of knowledge 
could be feasted in order €o ascertain its proper place 
within the structure af the model. Once the structure Was 
established, fhe thesis analysed each constifueant part in 


order to détrine its etFeEet unevs Spacewro: cy 


be ENVIRONMENT: PRESENT AND FUTURE SPACE TRENGS 


The first area of the model analysed was tha 
anviranment. The anviraonment consisted of foreign space 
pragrams and the proyected future of space. The foreign 


space programs selected were fhose that could launch, track, 
and maintain their own space vehicles. Thea analysis 
dafermined that the programs had several inffrinsic goals: 
(41) solving of current national problemsi (23 oaffseting the 
cost of the individual space programs by becoming 
comoeftitive in the international boosfer market (See Sid 
eventual industrialization and creation of a manned platform 
in space. All three of these foreign goals directly aor 


indirectly impinge an current US efforts in space. 
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The projected future of space was analysed to decern 
whether or not Long range frends could be anticipated. Thea 
analysis ravealed that the cost af current spaca efforts 
mould soon become prohibifiva, and that mulfinational 
afforts would be needed in fhe naar futura 9 make theses 
ventures profitable. If was also noted that the promises of 
new markats, and a heaithy return oT the ini fad: 
investments would continue £9 be fhe drivar af thease 
continued space efforts. 

The extended future examined man’s aventual resettlement 
of fhe moon and continued interplanetary missions. The 
praspact of almost unlimiftad resourses for space based 
manufactura, residing in the asteroid belt, would ensure 
fhat the competition in space would continue for aelong 
Fime. 

In order fo copa with the complexities of international 
competition, and the military superiority aspect of Bae 
Soaviat Union’s drive into space, a look was fakean at tha 
inffiransic portions af the model. The resourses and the 
components that reside within tha systems boundry are what 
can be utilized to help resolve thesa problems of strategic 
complaxifty. While this thesis covered the fopic 2g 
rasourses Lightly, ey Was considered ac be fhe 


strongest/weakest portion af the system. 
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oi COMPONENTS: PHYSICS ANG MAHAN 

The components of the model dealt with 
arbitology/orbital mechanics, and the maxims af Mahan, ef 
al: The arbital mechanics section of the component piece 
mas analysed to damonstrate that spacecraft, in order €o 
Temain economical, flew a least anergy frayecfory. This 
Hohmann transfer was shown £9 be the same whether the 
apacecraft was being launched, making an orbital transfer, 
qr a rendezvous. Ite is this least energy trayeacfory, which 
Lis analogous to fhe great circle routes upon thea planats 
surface. Onee the mechanics partion of the analyses had 
been completed an examination of orbital topography was 
conducted. This was underfaken fo show which areas around 
the terrestial sphere were ufilizead most heavily, and 9 
give some dimension fo areas that would be aoe later 
in the thesis. 

The second, and aqually important camponent piece, papa 
fhe maxims af Mahan. Mahan, had distilled Jomini‘’s axiams 
of war into fhree mayor thames: (1) cantral poasitian: Ca: 
communications: (33 and caencentration of farce. Central 
position was explained to 62 both, where the fleet resided 
at any particular fime, or a strong naval Base or port that 
could be defended. 

A strong central position as described by Mahan had ¢to 
passass: {is intrensiece strength; (2) situation (nearness to 


S2a routes and lines af trades; (3) and abundant resourses. 
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By possessing these three essenfial qualities, it allowed 
one to have secure lines of communications. 

These communications were at the same time, bath 
offensive and defensive. The offensive, or interior lines 
allowad one to reach the crucial area of contention faster 
fhan one’s adversaries. But, should a reverse occur then 
thesa interior lines became defensive in nature and allowed 
wighdrawl in relative satefy. These lines of communication 
mere to be guarded at all times due to the reasons stated 
above, plus the fact, a: central positions could be 
Linked together if there was adequate protection provided. 
In addition, these lines of communications provided the 
means, for ‘ naval arm, to apply a cancentration of toarece 
upon the weak area of another belligerents defenses. 

While all of what Mahan had stated looked gas on the 
surfaca, it was Sir Julian Corbett. who stated that unlike 
Land warfare, the enemy could remove his players from the 
boatd altogether. It was this reality that sparked the 
stategic question of Blockade. Blockade was for simplicity, 
divided into three categories which are as follows: (1: 
commerce destructian: (2) cammerce blockade; Ca and 
military blockade. While the first two types of blockade 
mere conceived to effect the enemy’s war making capacity, 
the third was designed to nullify the means of war making 
altogether. It was this nullification, which was seen by 


many, to be the true function of the naval force. 
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BD. MAHAN AND SPACE 

Upon combining Mahan and orbital mechanics, the 
analogous situation between space power and sea power 
becomes apparent. It was the purpose of this thesis to show 
that through careful orbital selection one could achieve 
either: C1} a military blockade; (2) strong defensive 
central position; (3) and/or secure lines of communication. 
With a strong defensive central position, one could utilize 
the ohysics of orbital mechanics to secure ones Lines of 
communications. This is accompished by using the inverse 
square law of gravity, combined with the least mechanical 
energy needed for the operation. By conducting operations 
this way it allows several things to happen: (13 depending 
upon your placement within the gravity well, you 21 five 
achieve infinite acceleration when moving toward a massive 
body. or the ability to use less energy to achieve a higher 
alfitudei (2) by reversing this process you can compute the 
tryectory your competitor must fly in arder to reach you; 
(3) and by continuing to follow fhis logic, it allows one to 
husband energy making materials which allows the presence in 
space to be longer than the competitor. 

In addition to the above arguments was posed thea 
gueastion of strategic central positions in space, and their 
Locafions. Cole’s ‘Panama Theory’, described the choke 
points in space to be directly related to position on the 


gravity well (altitude), the earth-moon Libration points, 
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fhe moon, and the asteroid belts. The areas as described, 
commanded thea space lanes of communication, allowing one £0 
obsarve movement within the orbital medium. It is tha 
s@curing af these points for one’s own use which pravides 
fhe ability to remain competitive, fulfill policy goals, and 
fo ensure ones continued prasence. 

In conclusion, the systems theory model provides fha 
positive feadback needed fo implement the naval strategy of 
Mahan (as applied to space}, and SO )/€ontro! fhe outside 
stresses of Mumerous space programs, and an unsean future. 
rf is this idea of control, with an economy of force which 


was the genius of Mahan. 


APPENDIX A 


Urbital Selection Criteria 


Fha following will describe some of the engineering 


eriteria that area considered when putting a vehicle into 


ao be. 


Space System Design 
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Mrbré Selection. 
Number of satellites Cconstellafion s1i123}. 


Refinition of spacecraft payload (what will 
it be used for: missidn statement}. 


Decision wheather to configure for manned or 
unmanned vehhiclas. 


Size, weight, and configuration of spaca- 
crarttf. 


Launch vehicie needs (gantries, pad size, 
Cype vet (re bor Voce ee 


Ground sugport (tracking sights. telemetry, 
tracking. and control. recovery systems}. 


Cast astimateas. 

Environment 

Atmospheric drag (becomes Less as alfitudsa 
Lnecreases}. 

Expected litetime of the spacecraft (thea 


lower the altitude, the shorter the Lite 
of the vehicls}. 


Natural radiation (solar and earth albeadna; 
and the radiation experianced from the Van 
Slien Belfs. 


td 


4. Micro-mefeoroid damage. 


Sensor Coverage 


Le When can the satellite first see the 
farget or ground station? 


=. What is the Length of time the safeliite 
stays in contact? 


3. What is the slant range to the satellita 
(elavation angle? 


4. The higher fhe altitude the greater fha 
eontact time and the angle above thea 
earth. 


>. The foot-print ¢€ beam width } upon £ 
garth. The beam diameter is Larger & 
higher the ori. 


a cae 
iD 
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&. The swathwidth cut by the sensor follows 
fhe same pattern as beamwidth. 


es Revisit time in the orbit. how many times 
the satellite returns to the same ares 
within a =4 hour oericd. 


=. Sun-synchronous orbits using the shadow- 
ing effscts of the sun for greater reso- 
Lution of surface irregulariftias. 


Resolution 


a The ability to distinguish two obyects 
as seoarate obsects. 


=. Factors that affect resolufion are aftmos- 
pheric furbulencea, smearing dus fo spaca- 
erati motion, quality of the optics, ras- 
Qlution calls, or antennas. and the size 


of the opfics. resolufion calls, or ant-—- 
fFanas. 


Survivability 


1. The figher the altitude the greater the 
survivability. 


2. Advantages and/or disadvantages of higher 
alfitudes include (perspective dependent: 
: CL} detection limits and performance of 
ground base sensors; (2} Cost of inter- 
ceptors (ASAT), inereases with alfitude: 
(3? guidance and accuracies of ground 
controlied (ASATS?}. 


3. Spacecraft musf be sfructurally heavier. 


4. Greafer engineering problems due to EMP 
(Electromagnetic Pulse} hardening. 


=e Greater systems fTredundancy, which trans- 
Lafes into larger weight requirements. 


ih 


Cost is directly related fo survivability 
in general systems design and selected 
launch vehicles. 


Transmitter Power and Data Rate 


i With space based assets there is 2 need 
roar. 
a. High data rates. 
b. High signal fo noise ratios. 
e. Large bandwidths. 
d. Low arror rate in data transmission 
iCexp-3 bps is standard. 
High power. 
f. High grade electronics with the late- 
ast techniques for bandwidth exploi- 
tation. 


p 
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Patioad (Limitations 


RR TES 


a With currant booster technology tne over 
riding factor is weight. 


nd) 


The more complex the safellite tha 
greater the weight. 


ee 


APPENDIX & 


Maritime Force: The Analogy to Space 


The purpose of this paper is to indicate some ways that 


a 


nfilict in space is analogous fo conflict on the seas. The 


rm 
O 


following are salient characteristics of sea warfare (CRef. 


tJ 


$1. 


Sea Power aims to influence circumstances on Land 
—~-wharea ogsople live--and is in that sansa 
subordinate fo land power. 


hs 


=. Command of fhe sea leads toa thea exarcisea of sea 
control, which aims fa influence circumstances 
on land. 

oe Relatively few major batfles accur at sea, dua 
fo their decisiveness in potential or fact. 

4. The overlap of interaction between land forces 
fo seaward and vice versa is growing because 
of the increase in sansor and weapon range. 

>. Bases are vital elements for their logistic value 
and for the dastruction of foTrees caught tne: 
near pore. 

Vehicles and Their Bassas 
Le &re large and expensive: feaw in number and 


highly valued. 


e. Are characterized by longer range sensors and 
and communications than ground combat eglemants 
50 targeting and concentrated attack is easier. 
2. Are self contained for long periads. 
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a. 


Are large, tixed, vital and must be sateguarded 
as potential Achilles heels. 


Combat Processes 


ny 


oe) 





Ws 


ey 
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Naval combat is attrition-centered. 


Firepower, scouting (Razvedka}d}, and C2, along wif 

their antitheses which attempt fo interfere with 
the ensmy’s three ogrocesses, are the six ass- 
eanfial oracesses of naval combat. 


Maneuver of vehicles kas become less important 
¥YLSTa-VLS Maneuver of weapons. 


and Timing 


Longer ranges of weapons and sansors creaf the 
need for great foresight and anticipation. 


Fxpliasive action and decisiveness characteriza 
sea baftie, wifh a time lag between the visibla 
attrition and the key decisions which brought if 
about. 


The duration of the battle action tends to ba 
Faster paced than on the ground. But it the 
preliminariss are included, the duration of tha 
battle may actually be slower, depending an how 
L=S beginning is defined. 


Physiological 


Cd 


Sea sickness is suffered by seamen. 
Life is at close quarters. 


{ifea of seamen bresds attitudes characteristic 
Bee losed societies. 


Ii 
a 
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Ls 


tance and Ngineering 


Mavies have a long tradition of amphasis on fech- 
mical competency. Army Laaders fhink about stra- 
fegy and tactics: naval lLaaders think about bat- 
fer weapon sysfems that are smoothly oaperated. 


Summaré ot Interences Regarding Space Warfare 


RS 


td 


Goctrine and matters af lLeadarship will 63 undar-— 
appreciated im space warfare circles, unlass 
amohasized from fhe oufsat. 


Combat will be infrequent, but the capacity to 
fight and win will be vitally important. 


The inflyeance of space systems will ba under 
appreciated oy the uninitiated and the ability 
fo dominate in spaca fwin a space wart under- 
Valued until the battle is lLosf. 


In the Ouilding of a space warfare capadlility 

match for: 

a. The importance of scouting (very lang ranges 
detection, fracking., and fargeting?}. 

b. Great anticipation, encompassing great dist- 
ancas. 

ec. Technological ways ta get to close gquartars 
such as “stealthy spacecraft. 

d. Attacks on bases on thea ground. 
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